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q  Validation  of  Nitronic  33  in  Reinforced 
<  and  Prestressed  Concrete 


ABSTRACT  Nitronic  33  stainless  steel  (Trademark -&f  Armco  Steel  Corporation)  has 
a  unique  combination  of  high  strength  and  nonmagnetic  properties  which  make  it  an 
excellent  candidate  for  use  as  prestressing  strand  for  concrete  waterfront  structures 
where  the  magnetic  properties  of  the  carbon  steel  commonly  used  for  prestressing 
strand  are  not  acceptable.  Before  Nitronic  33  stainless  steel  preStressed  concrete 
waterfront  structures  were  constructed,  it  was  necessary  to  establish  the  corrosion 
performance  of  the  Nitronic  33  stainless  steel  in  marine  concrete.  A  test  plan  was 
developed  where  a  series  of  tests  which  compared  the  performance  of  carbon  steel 
to  the  Nitronic  33  stainless  steel  were  to  be  performed.  The  time  to  initiation  of 
attack  was  established  as  the  critical  parameter  for  the  evaluation  of  the  test  results. 

In  each  test,  corrosion  of  the  carbon  steel  initiated  prior  to  the  initiation  of  the 
corrosion  of  the  Nitronic  33  stainless  steel.  In  addition,  previously  emplaced  full- 
scale  pier  pilings  with  both  carbon  steel  and  Nitronic  33  stainless  steel  prestressing 
were  inspected.  The  corrosion  activity  of  the  Nitronic  33  stainless  steel  prestressed 
piling  was  less  than  that  of  the  companion  carbon  steel  prestressed  pilings. 

f 


DTIC 

LILECTEI 
MAY  0  6  19871 


AVAL  CIVIL  ENGINEERING  LABORATORY  f  CRT  HlJENEME  LA!  IF  ORNIA  GRQ43 


Approved  for  public  release,  distribution  unH 


UO  7 


,.sv 


mm. 


Av-v-  .'->->*» 
.V'VL''  W'-' 


Unclassified 

_,R|TV  Cl  *SV^I'*TiON  ~i  r  T..IS  P»;,(  *hen  Hata  b  n’frrtl. 


REPORT  DOCUMENTATION  PAGE 

K  F  A I  >  INSTRl  I'TIONS 

I’.KH'KK  C'nMPI  HIV.  FORM 

1 

REPORT  SOMBER  GOVT  ACCESSION  NO 

TN-1764  1  DN487311 

3  R  F  C  1  p  1  E  N  T  '  S  •  A  '  A  t  N..MHF  R 

4 

T  •  T  l.  E  and  -S.,M,r!e 

VALIDATION  OF  NITRONIC  33  IN  REINFORCED 

AND  PRFSTHF^SFn  mNIfHPTK 

S  Type  CF  R  E  PO  R  t  A  PfRO';  C  0  V  E  R  E  C 

final;  Jun  1985  -  Jul  1986 

6  PERFORMING  G  R  G  R  t  P  G  R  r  NUMBER 

James  K  Jenkins 

9  PERFORMING  ORGA^'ZATiON  s»Mf  AND  AODRF  SS 

NAVAl.  CIVIL  ENGINEERING  LABORATORY 
Port  Ilueneme,  California  93043-5003 

'  '  .‘.CN’BCi  L'NG  OFFICE  NAME  AnO  ADDRESS 

Naval  Facilities  Engineering  Command 
Alexandria,  Virginia  22332 

'4  M  0  N  '  T  O  R  i  N  '•  AGENCY  NAME  i  A  0  0  ►*  E  SS'  >  t  Ji  Itrren  f  Ircm  (  ■irtif.i/linj  OI>  >  > 


’0  PROGRAM  ElFmEst  PRCjFC’  T4S« 
a  R  F  A  A  won*  jN  ■  T  >,  jM9E  «S 

63275N; 

VI  316-01-006-431 

)  Z  «  f  PC  R  T  OAvE 

April  1987 

"Tj  N  —J  M  B  5  R  0  f  P  A  j  E  V 

62 _ 

’5  SECuR  T  »  aSS  this  rep-rt 

Unclassified 


ji3TBlB  .  *:GN  5T  *TEMFs  r  of  rhis  A>r  'f? 


Approved  for  public  release;  distribution  unlimited. 


1  ’  OiSTR'0.jTiON  ST  AtFMFnt  fo  t  ain't*'  t  *n!e'erf  r  •»  /?/»•'*  '>.i.  ■  /  rf » /  r  from  Wfp.ri 


£  MEN” APv  s-Tt ^ 


"  \  t  A  7RCS  *  or  s  ic/e  if  pi*  »vs#»rv  mitf  i dent'fx  hv  t* J -  A  r*iimf’^r 

Corrosion,  prestressed  concrete,  stainless  steel 


aPj’PA  w  i  .inrmiir  >ri  rf»me  si  <1*  it  n*'  n  \  r  r\  «rd  irjenr,),  Nv  b/o.  fc  number  I 

Nitronic  33  stainless  steel  (  I  rademark  of  Armco  Steel  Corporation)  has  a  unique  com¬ 
bination  of  high  strength  and  nonmagnetic  properties  which  make  it  an  excellent  candidate- 
tor  use  as  prestressing  strand  tor  concrete  waterfront  structures  where  the  magnetic  proper¬ 
ties  of  the  carbon  steel  commonly  used  for  prestressing  strand  are  not  acceptable.  Before 
Nitronic  3  3  stainless  steel  prestressed  concrete  waterfront  structures  were  constructed,  it  was 
necessary  to  establish  the  corrosion  performance  of  the  Nitronic  3  3  stainless  steel  in  marine 
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concrete.  A  test  plan  was  developed  where  a  series  of  tests  which  compared  the  performance 
of  carbon  steel  to  the  Nitronic  3  3  stainless  steel  were  to  be  performed.  The  time  to  initiation 
of  attack  was  established  as  the  critical  parameter  for  the  evaluation  of  the  test  results.  In 
each  test,  corrosion  of  the  carbon  steel  initiated  prior  to  the  initiation  of  the  corrosion  of  the 
Nitronic  3  3  stainless  steel.  In  addition,  previously  emplaced  full-scale  pier  pilings  with  both 
carbon  steel  and  Nitronic  3  3  stainless  steel  prestressing  were  inspected.  The  corrosion  activity 
of  the  Nitronic  33  stainless  steel  prestressed  piling  was  less  than  that  of  the  companion  carbon 
steel  prestressed  pilings. 

It  was  concluded  that  prestressed  concrete  waterfront  structures  using  Nitronic  3  3  as 
prestressing  strand  should  perform  at  least  as  well  as  similar  structures  using  carbon  steel 
prestressing.  Recommendations  for  additional  work  to  evaluate  possible  differences  in 
inspection,  maintenance,  and  repair  techniques  required  for  Nitronic  33  stainless  steel 
prestressed  concrete  waterfront  structures  are  presented. 
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Nitronic  3  3  stainless  steel  (Trademark  of  Armco  Steel  Corporation)  has  a  unique  combination 
of  high  strength  and  nonmagnetic  properties  which  make  it  an  excellent  candidate  for  use  as  pre- 
stressing  strand  for  concrete  waterfront  structures  where  the  magnetic  properties  of  the  carbon  steel 
commonly  used  for  prestressing  strand  arc  not  acceptable.  Reforc  Nitronic  33  stainless  steel  pre¬ 
stressed  concrete  waterfront  structures  were  constructed,  it  was  necessary  to  establish  the  corrosion 
performance  of  the  Nitronic  33  stainless  steel  in  marine  concrete.  A  test  plan  was  developed  where 
a  series  of  tests  which  compared  the  performance  of  carbon  steel  to  the  Nitronic  33  stainless  steel 
were  to  Ik-  performed.  The  time  to  initiation  of  attack  was  established  as  the  critical  parameter  for 
the  evaluation  of  the  test  results.  In  each  test,  corrosion  of  the  carbon  steel  initiated  prior  to  the 
initiation  of  the  corrosion  of  the  Nitronic  33  stainless  steel.  In  addition,  previously  emplaced  full 
scale  pier  pilings  with  both  carbon  steel  and  Nitronic  33  stainless  steel  prestressing  were  inspected. 
The  corrosion  activity  of  the  Nitronic  33  stainless  steel  prestressed  piling  was  less  than  that  of  the 
companion  carbon  steel  prestressed  pilings.  It  was  concluded  that  prestressed  concrete  waterfront 
structures  using  Nitronic  33  as  prestressing  strand  should  perform  at  least  as  well  as  similar  structures 
using  carbon  steel  prestressing.  , 
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INTRODUCTION 


The  purpose  of  this  validation  was  to  qualify  Nitronic  33  stainless 
steel  for  use  as  prestressing  strand  and  reinforcement  in  concrete  con¬ 
struction  where  the  magnetic  properties  of  carbon  steel  are  not  acceptable. 

This  validation  was  directed  solely  to  the  determination  of  the 
corrosion  behavior  of  Nitronic  33  stainless  steel  in  concrete  under 
conditions  that  are  likely  to  be  present  in  a  pier  fabricated  from  pre¬ 
stressed  and  reinforced  concrete.  Previous  evaluations  by  others  have 
determined  that  the  mechanical  properties,  magnetic  properties, 
fahri cabi 1 i ty ,  bonding  strength,  and  other  characteristics  of  Nitronic 
33  stainless  steel  were  suitable  for  construction  of  the  type  required. 

While  actual  long  term  in  situ  testing  of  any  material  for  a  new 
application  is  highly  desirable,  this  test  program  was  based  upon  tests 
which  could  be  completed  in  a  relatively  short  period  since  it  was  neces¬ 
sary  to  determinine  if  Nitronic  33  prestressed  and  reinforced  concrete 
could  be  used  in  the  construction  of  urgently  required  facilities.  The 
tests  were  developed  to  determine  the  relative  susceptahi 1 i ty  of  carbon 
steel  and  Nitronic  33  stainless  steel  to  loss  of  passivity  under  various 
conditions  which  are  likely  to  occur  in  an  actual  marine  structure,  and 
to  separately  assess  the  amounts  and  types  of  attack  which  are  likely  to 
occur  on  both  carbon  steel  and  Nitronic  33  stainless  steel  when,  or  if, 
active  corrosion  has  been  initiated.  As  both  carbon  steel  and  Nitronic  33 
stainless  steel  were  expected  to  behave  as  passive  materials  in  concrete, 
the  side-by-side  comparison  of  the  two  was  considered  to  be  valid.  By 
separating  the  determination  of  the  initiation  and  propagation  behavior, 
and  by  comparing  the  behavior  of  carbon  steel  and  Nitronic  33  stainless 
steel  in  each  test,  an  assessment  of  the  relative  corrosion  performance 
of  carbon  steel  and  Nitronic  33  stainless  steel  could  be  made  within  a 
relatively  short  period.  By  including  evaluation  of  previously  cast 
sections  of  actual  prestressed  pilings  (one  with  carbon  steel  prestressing 
and  reinforcement  and  one  with  Nitronic  3.3  stainless  teel  prestressing 
and  Nitronic  32  stainless  steel  reinforcement),  and  by  the  inspection  of 
in-place  pilings  of  each  type,  the  test  data  was  further  validated. 

If  corrosion  were  to  initiate  on  the  Nitronic  33  stainless  steel  in 
concrete,  the  type,  distribution,  and  extent  of  attack  on  the  Nitronic  33 
could  be  different  from  that  which  occurs  on  carbon  steel  in  concrete*. 
Therefore,  an  assessment  of  the  effect  of  possible  corrosion  of  Nitronic  Si 
on  structural  integrity  of  prestressed  concrete  pilings  and  slabs  was 
made.  Also,  the  effect  of  magnetic  fields  of  the*  magnitude  and  orienta¬ 
tion  which  are  likely  to  be*  encountered  in  the  vicinity  of  the  proposed 
structure  was  assessed  in  order  to  determine  the  possible  effects  of 
these  fields  on  corrosion  of  the  reinforcement. 

The  direct  comparison  of  the  behavior  of  carbon  steel  and  Nitronic  ii 
stainless  steel  in  this  validation  can  be  used  to  compare*  the  impact  of 
corrosion  of  carbon  steel  and  of  Nitronic  S3  stainless  steel  in  a  marine 
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prest  ressed  concrete  structure.  It  has  been  well  established  that  concrete 
structures,  prestressed  and  reinforced  using  carbon  steel,  can  be 
successfully  used  in  marine  environments.  This  direct  comparison  of 
corrosion  behavior  can  be  used  to  assess  whether  a  structure  fabricated 
using  Nitronic  33  prestressing  and  reinforcing  can  lie  successfully  used 
in  similar  environments. 

Follow-on  efforts  to  extend  the  duration  of  the  corrosion  tests 
performed  to  date  and  to  establish  criteria  for  construction,  inspection, 
maintenance,  and  repair  of  structures  fabricated  using  Nitronic  33 
stainless  steel  are  also  identified  and  described. 


DF.VF.LOPMF.NT  AND  APPROVAL  OF  TEST  PLAN  AND  PRESENTATION  OF  INTERIM  RESULTS 

Development  of  the  test  plan  for  this  validation  was  initiated  on 
14  June  1985.  A  preliminary  test  plan  was  reviewed  by  the  Naval 
Facilities  Engineering  Command  (NAVFAC)  Code  03,  04,  05,  and  07  repre¬ 
sentatives  during  meetings  at  NAVFAC  on  20  June  1985.  A  revised  test 
plan  was  reviewed  by  NAVFAC  Code  04  representatives  during  a  meeting  at 
the  Naval  Civil  Engineering  Laboratory  (NCEL)  on  26  June  1985.  The  test 
plan  was  forwarded  to  NAVFAC  by  NCEL  ltr  Ser  L52/968  of  3  July  1985  for 
approval.  NAVFAC  ltr  3902  Ser  032F/3906  of  20  August  1985  gave  final 
approval  of  the  test  plan  and  directed  NCEL  to  proceed  with  the  valida¬ 
tion.  On  17  September  1985  a  briefing  on  preliminary  results  of  the 
validation  was  presented  to  NAVFAC.  The  results  of  the  tests  to  that 
date  were  encouraging  and  it  was  determined  that  the  tests  should  pro¬ 
ceed  as  planned.  A  briefing  was  presented  at  NAVFAC  on  17  December 
1985  to  present  final  test  results  and  to  serve  as  a  basis  for  the 
decision  to  proceed  with  construction. 
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PREPARATION  OF  TEST  SPECIMENS 

All  test  specimens  were  cast  from  the  same  batch  of  concrete  to 
reduce  the  effects  of  variation  of  concrete  on  the’  corrosion  behavior  of 
the  embedded  metal  specimens.  The  mix  design  tor  the  concrete  was 
developed  by  Mr.  Doug  Burke  of  NCEL  with  consultation  from  Mr.  Bob  LaFraugh 
of  ABAM  Consulting  Engineers,  Tacoma,  WA .  The  mix  design  was  developed 
to  represent  high  quality  concrete  of  the  type  10  be  specified  for  con¬ 
struction  of  the  deperming  facilities  in  San  Diego  and  Kings  Bay.  The 
mix  design  was  as  follows: 


,  A 


Cement  -  Type  I  1 


8.4  bags/yd 


Wa  ter 


17.9  gal /yd 


-f  >  J 


( W/ C  rat i o  =  0 . 40  ) 

Sand  (San  Gabriel)  1113.0  lb/yd 

Cua  rse  aggreg.i  t  e 
( San  Ga br i o I j 


Admixture 
(Sika  Mix  126) 


200.5  fl  oz/yd 


Slump  before  admixture  =  4  in 
Slump  after  admixture  =  0  in 


The  Nitronic  33  material  was  furnished  by  ARMCO  Steel  Corporation. 
All  specimens  were  cut  from  the  same  coil  of  material.  The  wire  diameter 
w.is  0.1875  inch.  The  chemical  composition  of  the  material,  as  deter¬ 
mined  by  ARMCO,  was  as  follows: 

Composition  of  Nitronic  33  Test  Wire 

K  lenient  % 


Chromi urn 

17.69 

Manganese 

12.23 

Nickel 

3.48 

S i 1 i con 

.50 

N i t  rogen 

.30 

Mo  1 ybdenum 

.  10 

Ca  rbon 

.039 

Phospho  rous 

.028 

Su 1 phur 

.002 

The  mechanical  properties  of  the  Nitronic  33  stainless  steel  wire, 
as  determined  by  ARMCO,  were  as  follows: 


Ultimate  tensile  strength 
Yield  strength 
Elongat ion 
Reduction  of  area 
Hardness 


136,000  psi 
116, 000  ps i 
33.3% 
70.3% 

26  R 


The  stainless  steel  test  material  met  the  composition  and  strength 
requirements  of  ASTM  Specification  A580,  Grade  XM-29.  This  spec i f i ca t i on 
can  be  used  for  procurement  of  wire  for  prestressing  strand  with  the 
additional  requirement  that  the  carbon  content  of  the  wire  should  be 
below  .048%  to  insure  adequate  weldability. 

The  carbon  steel  wire  specimens  were  center  wires  from  prestressing 
strand  meeting  ASTM  Specification  A416.  This  is  the  standard  specifica¬ 
tion  for  prestressing  strand. 

Both  the  stainless  steel  and  carbon  steel  wire  specimens  were  cut 
to  a  length  of  22  inches  and  straightened  as  necessary.  The  specimens 
were  degreased  using  mineral  spirits  to  remove  the  bulk  of  the  drawing 
compound  on  the  wire-  and  rinsed  with  acetone  to  remove  any  remaining 
surface  contamination.  Pairs  of  strands  of  the'  same  materials  were 
joined  into  dual  strand  specimens  using  an  epoxy  potting  compound  to  be 
cast  into  4-  by  4-  by  24-inch  concrete  prisms  as  shown  in  Figure  1. 
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Wires  for  other  size  test  specimens  were  cut  to  the  appropriate 
length,  degreased  in  mineral  spirits,  and  then  in  acetone.  All  of  the 
molds  for  the  test  specimens  were  prepared  in  advance  of  casting.  The 
dual  strand  specimens  were  placed  in  gang  molds  for  the  4-  by  4-  by 
24-inch  prisms  as  shown  in  Figure  2. 

After  casting,  all  of  the  specimens  were  placed  in  a  steam  cabinet 
and  steam  cured  for  16  hours  The  4-  by  8-inch  test  cylinders  cast  and 
cured  along  with  the  test  prisms  were  used  to  determine  the  strength  of 
the  concrete  after  steam  curing  and  after  27  additional  days  of  curing 
in  72-degree  fog.  The  strength  of  the  test  cylinders  was  as  follows: 

Strength  of  4-  by  8-Inch  Test  Cylinders 

16-hour  steam  cure  5914  psi 

24-hour  steam  cure  + 

27-day  fog  cure  9380  psi 

The  4-  by  4-  by  24-inch  test  prisms,  which  were  to  be  cracked,  were 
prepared  by  sawing  a  1/2- i nch-deep ,  3/16-inch-wide  "crack  starter"  notch 
in  the  upper  "free"  face  of  the  specimen  and  then  loading  the  specimen 
at  three  points  as  shown  in  Figure  3. 

Eight  test  specimens  were  cut  by  sawing  from  two  sections  of  piling 
furnished  by  ABAM  Consulting  Engineers,  Seattle,  WA.  These  sections 
were  fabricated  by  Concrete  Technology  Inc.,  Tacoma,  WA,  and  were  used 
to  compare  the  stress  relaxation  characteristics  of  the  Nitronic  33 
stainless  steel  prestress ing  strand  with  those  of  carbon  steel.  The 
sections  are  octagonal  and  are  nominally  16  inches  wide  and  10  feet  long 
The  section  prestressed  using  Nitronic  33  stainless  steel  has  12  pre- 
stressing  strands  where  the  section  prestressed  using  carbon  steel  has 
11  prestress ing  strands.  The  section  prestressed  with  Nitronic  33  has 
Nitronic  32  stainless  steel  spiral  reinforcement.  Each  of  the  specimens 
cut  from  the  Nitronic  33  prestressed  section  has  two  strands.  Two  of 
the  specimens  cut  from  the  carbon  steel  prestressed  section  have  one 
strand  each  and  the  other  two  specimens  have  two  strands  each.  This 
variation  in  number  of  strands  in  the  specimens  was  necessary  due  to  the 
different  spacing  and  the  different  number  of  wires  in  the  piling  sec¬ 
tions.  The  test  specimens  and  remaining  sections  are  shown  in  Figure  4. 

PERFORMANCE  OF  TESTS  AND  TEST  RESULTS 

Test  Series  No.  1  -  Electrochemical  Behavior  in  Mortar  Extracts 


Purpose  of  Test.  To  determine  the  chemical  conditions,  representa¬ 
tive  of  those  in  marine  concrete  structures,  which  result  in  passivity 
of  both  carbon  steel  and  Nitronic  33  stainless  steel  and  to  evaluate  the 
relative  stability  of  the  passive  films  where  they  are  present. 


•  Carbon  Steel 

•  Carbon  Steel  w/crevice 

•  Nitronic  33 

•  Nitronic  33  w/crevice 

Test  Setup.  Potentiostatic  polarization  per  ASTM  G61. 
Test  Measurements. 

•  Breakdown  potential 

•  Repassivation  potential 

Test  Condition  Matrix . 

pH  (by  dilution) 

C 
h 
1 

o  P 
r  P 
i  M 
d 


Chloride  was  from  seawater.  Duplicate  runs  were  made  on  each  test 
specimen  type  for  each  condition. 


Total  Specimens . 


Carbon  steel 

32 

Carbon  steel 

w/crevice 

32 

Nitronic  33 

32 

Nitronic  33 

w/ crevice 

32 

Tota  1 

128 

Test  Results.  The  electrochemical  tests  showed  that  the  tolerance 
of  Nitronic  33  stainless  steel  to  both  an  increase  in  chloride  ion  and  a 
decrease  of  pH  was  substantially  greater  than  the  tolerance  of  carbon 
steel.  The  electrochemical  behavior  for  the  specimens  with  crevices  and 
those  without  crevices  was  essentially  identical  for  both  the  carbon 
steel  and  Nitronic  33  stainless  steel.  Typical  passive  behavior  for 
both  the  carbon  steel  and  Nitronic  33  stainless  steel  as  exhibited  at  pH 
12.2  and  0  chloride  are  shown  in  Figures  5  and  6. 


As  the  pH  was  lowered  and/or  the  level  of  chloride  increased,  a 
point  was  reached  where  the  passivity  of  each  alloy  was  reduced.  In  the 
case  of  the  carbon  steel,  the  alloy  exhibited  essentially  nonpassive 
behavior.  As  showai  in  Figures  7  and  8,  the  passivity  of  the  carbon 
steel  was  reduced  considerably  at  pH  11.6  and  200  ppm  chloride  and  non- 
passive  behavior  was  exhibited  at  pH  10.0  and  200  ppm  chloride.  As 
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shown  in  Figure  9,  the  level  of  passivity  of  Nitronic  33  stainless  stee 
retained  at  a  pH  of  10.0  and  6000  ppm  chloride  was  substantial. 

Tables  1  and  2  summarize  the  results  of  the  electrochemical  tests. 
Fully  passive  behavior  is  indicated  in  the  tables  by  a  P.  Marginal 
passivity  is  indicated  by  a  M  where  passivity  breaks  down  near  the 
highest  potential  used  in  the  tests.  Lower  levels  of  passivity  are 
indicated  by  rupture'  potentials  at  increasingly  negative  potentials. 
Nonpassive  behavior  is  indicated  by  a  N. 


Test  Series  No.  2  -  I  on  ^Tole_rance  Tests 

Purpose  of_Test.  To  determine  the  relative  tolerance  of  carbon 
steel  and  Nitronic  33  embedded  in  concrete  to  increased  ionic  content 
resulting  from  forced  migration  of  seawater  through  the  concrete. 

Test  Specimens. 

•  Carbon  steel 

•  Nitronic  33 

Tesj:  Setup.  The  apparatus  used  to  determine  the  resistance  of 
specimens  embedded  in  concrete  to  accelerated  ion  migration  is  shown  in 
Figure  10. 

The  voltage  impressed  across  the  test  cell  to  drive  the  ions  by 
electrophoresis  was  adjusted  to  give  a  voltage  gradient  of  1  V/in  across 
the  test  specimen.  Each  test  specimen  contained  one  probe  of  Nitronic  33 
stainless  steel  and  one  probe  of  carbon  steel  in  order  to  eliminate  any 
effects  of  concrete  variability. 

Test  Measurements.  Relative  time  (ion  increase  is  proportional  to 
time  when  applied  voltage  is  present)  for  depassivation  of  the  embedded 
probes . 

Test  Conditions . 

1.  Time  to  depassivation  with  diffusion  potential  on. 

2.  Run  stainless  steel  specimen  for  time  needed  to  depass  ivate 
carbon  steel,  then  hold  in  seawater  without  diffusion  voltage  for  30  days 
to  determine  if  delayed  depassivation  occurs.  Duplicate  runs  were  made 
for  each  test  condition  and  material. 

Total  Specimens. 

Probes  Blocks 

Carbon  steel  4  2 

Nitronic  33  w/ crevice  8  4 

Total  12  6 

Test  Results.  The  tolerance  of  Nitronic  ii  stainless  steel  to  ion 

migration  was  substantially  greater  than  that  <>t  carbon  steel.  Figure  11 
shows  a  typical  potential  versus  time  curve  for  an  ion  migration  test 
run.  After  approximately  200  hours  with  voltage  applied  across  the 
cell  the  carbon  steel  became  active  as  indicated  by  an  decrease  in 
potential.  The  Nitronic  Si  stainless  steel  remained  passive  for 
1000  hours. 

After  1600  hours  of  testing  with  the  potential  applied,  the  tests 
were  terminated  and  the  probes  were  removed  from  the  concrete  blocks  by 
crushing  the  blocks.  The  Nitronic  ii  spec  miens  showed  no  evidence  of 
attack.  As  shown  in  Figure  12,  the  carbon  steel  showed  considerable 
attack  and  the  Nitronic  33  stainless  steel  showed  no  attack. 
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Purpose  of  Test.  To  determine  the  relative  rates  of  propagation  of 
corrosion  of  carbon  steel  and  Nitronic  33  embedded  in  concrete  under 
conditions  which  will  cause  corrosion  to  initiate. 


Test  Specimens. 

•  Carbon  steel 

•  Nitronic  33 

Test  Setup .  The  test  setup  for  the  determination  of  corrosion 
propagation  rates  is  shown  in  Figure  13.  The  concrete  cylinders  were 
cut  with  a  1/ 1 6- inch-wide  saw  to  a  depth  which  exposed  one  of  the  two 
test  probes. 


Test  Measurements .  Corrosion  current  versus  time  measured  with  a 
zero  resistance  ammeter.  Corrosion  potential  versus  time. 


Test  Conditions.  Seawater  immersion.  Duplicate  specimens  for  each 
material . 


To  tai  Sped  mens  . 


Carbon  Steel 
Nitronic  33 

Tota  1 


Probes 

4 

4 

8 


Hijacks 

2 

2 

4 


Test  Results.  The  corrosion  current  for  the  carbon  steel  increased 
rapidly  at  the  start  of  the  test  but  fell  to  approximately  40  microamps 
after  50  hours.  The  Nitronic  33  stainless  steel  remained  fully  passive 
after  1000  hours  with  no  measureable  current  flow.  Figures  14  and  15 
show  the  potential  and  current  versus  time  for  the  carbon  steel  and 
Nitronic  33  stainless  steel  specimens. 

The  test  probes  were  removed  from  the  test  blocks  after  1600  hours 
of  test  exposure.  The  Nitronic  33  stainless  steel  test  probes  were  not 
attacked.  The  carbon  steel  test  probes  showed  considerable  surface 
attack.  Figure  16  shows  the  condition  of  the  carbon  steel  and  Nitronic  33 
stainless  steel  probes  after  1600  hours  of  exposure  in  the  propagation 
rate  tests. 


Test  Series  No.  4  -  Depassivation  at  Closed  Cracks 

Purpose  of  Test.  To  determine  the  relative  susceptibility  of  carbon 
steel  and  Nitronic  33  embedded  in  concrete  to  depassivation  in  the 
presence  of  a  crack  in  the  concrete  which  has  opened  and  reclosed. 

Test  Specimens. 

•  Carbon  steel  w/ crevice 

•  Nitronic  33  w/ crevice 
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Test  Setup.  The  test  setup  for  evaluation  of  depassivation  at 
closed  cracks  is  shown  in  Figure  17. 

Test  Measurements.  Corrosion  potential  versus  time. 

Test  Conditions.  Seawater  exposure.  Duplicate  specimens  for  each 
material . 

Tot a  1  Spe cimens . 

Probes  Blocks 

Ca  r bon  steel  w/c rev i ce  4  2 

Nitronic  33  w/c rev ice  4  2 

Total  8  4 

Test  Results.  Neither  the  carbon  steel  nor  the  Nitronic  33  stain¬ 
less  steel  depassivated  at  closed  cracks  during  the  duration  of  this 
test.  The  corrosion  potential  versus  time  for  the  carbon  steel  is  shown 
in  Figure  18  and  the  corrosion  potential  for  the  Nitronic  33  stainless 
steel  versus  time  is  shown  in  Figure  19. 

The  test  bars  in  these  specimens  were  removed  from  the  test  blocks 
after  1200  hours  of  exposure  in  the  depassivation  at  closed  crack  tests. 
Neither  the  carbon  steel  nor  the  Nitronic  33  stainless  steel  specimens 
showed  any  attack. 

Test  Series  No.  5  -Ion  Diffusion  Tolerance  at  Closed  Cracks 

Purpose  of  Test.  To  determine  the  relative  tolerance  of  carbon 
steel  and  Nitronic  33  embedded  in  concrete  to  increased  ionic  content 
resulting  from  forced  diffusion  of  seawater  into  the  concrete  in  the 
presence  of  a  closed  crack. 

Test  Specimens. 

•  Carbon  steel  w/crevice 

•  Nitronic  33  w/crevice 

Test  Setup.  The  test  setup  for  the  determination  of  ion  diffusion 
tolerance  at  closed  cracks  was  similar  to  the  test  setup  for  the  deter¬ 
mination  of  depassivation  at  closed  cracks  ecxept  that  the  inner  bars 
were  used  as  a  counter  electrode  to  produce  a  potential  gradient  within 
the  specimen. 

Test  Measurements.  Corrosion  potential  versus  time. 

Test  Conditions.  Seawater  immersion. 


1.  Time  to  depassivation  with  diffusion  potential  on. 

2.  Run  stainless  steel  specimen  for  time  needed  to  depassivate 
carbon  steel,  then  hold  in  seawater  without  diffusion  voltage  for  10  days 
to  determine  if  delayed  depass l va t i on  occurs.  Duplicate  runs  were  made 
on  ea ch  material  . 


lotal  Specimens. 


Probes 


Blocks 


Carbon  steel  w/crevice  4  2 

Ni ironic  33  w/ crevice  4  2 

Total  8  4 

lest  Results.  The  carbon  steel  specimens  depass i vateil  after  an 
average  of  32  hours  of  applied  current.  The  Nitronic  33  stainless  steel 
remained  passive  after  1600  hours  of  applied  current. 

The  test  bars  in  these  specimens  were  removed  from  the  test  blocks 
to  determine  their  surface  condition.  The  Nitronic  33  stainless  steel 
specimens  showed  no  attack.  The  carbon  steel  test  specimens  showed 
considerable  surface  attack  in  the  area  of  the  crack. 

Test  Series  No.  6  -  Repass  i  vat_ion_at  Closed  Cracks 

Purpose  of  Test.  To  determine  the  relative  ability  of  carbon  steel 
and  Nitronic  33  embedded  in  concrete  to  repassivate  in  the  presence  of  a 
closed  crack  if  corrosion  initiates  when  the  crack  is  open. 

Test  Specimens. 

•  Carbon  steel  w/crevice 

•  Nitronic  33  w/crevice 

Test  Setup.  The  test  setup  for  this  series  is  identical  to  that 
shown  for  depassivation  at  open  cracks  (Figure  17). 

Test  Measurements.  Corrosion  potential  versus  time. 

Test  Conditions.  Open  crack  until  corrosion  initiates.  Measure 
time  to  achieve  repassivation.  Duplicate  runs  were  made  for  test  condi- 
t i on  and  ma t e r i a  1 . 


Iota  I  Spec i mens . 


Probes 


Blocks 


Carbon  steel  w/crevice  4  2 

Nitronic  33  w/crevice  8  4 

Total  12  6 

Test  Results.  As  the  Nitronic  33  stainless  steel  did  not  depassi- 
vate  at  open  cracks  over  the  duration  of  the  test  in  Series  No.  7,  it 
was  not  possible  to  make  a  comparison  between  the  carbon  steel  and 
Nitronic  No.  3  stainless  steel  tor  the  ability  to  repassivate.  The 
larbon  steel  rcpassivaled  within  3r>  hours  of  closing  the  crack  as  shown 
in  1  i gu  re  20 . 
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le st  Series  ^Jo.  7  -  Depass  i  va t  ion  at  Open  tracks 

Purpose  of  Test.  To  determine  the  relative  susceptibility  of 
carbon  steel  and  Nitronic  33  embedded  in  concrete  to  depassivation  in 
the  presence  of  cracks  in  the  concrete  cover  of  various  widths. 

Test  Specimens. 

•  Carbon  steel  w/ crevice 

•  Nitronic  33  w/ crevice 

Test  Setup.  The  test  setup  for  determination  of  depassivation  at 
open  cracks  is  shown  in  Figure  21. 

Crack  Widt hs . 

•  1/64  inch 

•  1/32  inch 

•  1/16  inch 

•  1/8  inch 

Test  Measurements.  Corrosion  potential  versus  time. 

Test  Conditions.  Seawater  immersion.  Duplicate  specimens  for  each 
material  and  crack  width. 


Tota  L  Spec imens . 


Probes 


Blocks 


Carbon  steel  w/crevice  16  8 

Nitronic  33  w/crevice  _  16_  8 

Total  32  16 

Test  Results.  None  of  the  Nitronic  stainless  steel  specimens  showed 
depassivation  during  the  duration  of  these  tests.  The  carbon  steel  bars 
with  1-inch  cover  showed  depassivation  upon  immersion  for  the  1/8-inch¬ 
wide  crack,  50  hours  for  the  1/16-inch  crack,  150  hours  for  the  1/32-inch 
crack,  and  180  hours  for  the  1/64-inch  crack.  The  carbon  steel  burs 
with  2-1/4-inch  cover  show  depassivation  immediately  upon  immersion  for 
the  1/8- inch-wide  crack  but  continued  passive  behavior  for  the  1/16-inch 
and  tighter  cracks.  Figures  22  and  23  show  the  potential  of  the  inner 
(2-1/4-inch  cover)  and  outer  (1-inch  cover)  bars  versus  time. 

The  test  bars  in  these  specimens  were  removed  from  test  I)  links  to 
determine  their  surface  condition.  As  shown  in  Figures  24  and  25,  the 
Nitronic  33  stainless  steel  specimens  were  not  attacked,  but  the  urbuii 
steel  specimens  showed  considerable  attack. 

lest  Series  No.  8  -  Corrosion  Product  Volume 

Purpose  of  Test.  To  determine  the  relative  volume  of  intrusion 
products  produced  in  the  corrosion  of  (.irbon  steel  and  Nit  mini  II  when 
embedded  in  concrete. 
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Test  Spec  i metis  . 

•  Carbon  steel 

•  Nitronic  33 

Test  Set  up .  The  test  setup  for  the  determination  of  corrosion 
product  volume  is  shown  in  Figure  26. 

Tejpt  Measurements  . 

•  Change  in  cylinder  diameter 

•  Visual  inspection  of  meta 1 -concrete  interface  at  end  of  test 

•  Weight  loss  of  probes 

Test  Conditions. 

•  Seawater  immersion 

•  Anodic  current  from  propogation  rate  test 

•  Triplicate  specimens  for  each  material 

Total  Spec imens . 

Carbon  steel  3 

Nitronic  33  3 

Total  6 

Test  Results.  As  corrosion  of  the  Nitronic  33  stainless  steel  did 
not  initiate  in  the  propagation  rate  tests  it  was  not  possible  to  perform 
the  tests  for  the-  Nitronic  33  stainless  steel  in  this  series  us  appro¬ 
priate  corrosion  currents  could  not  be  established. 

There  were'  no  instances  in  the  tests  performed  for  this  validation 
that  resulted  in  the  generation  of  sufficient  volumes  of  corrosion 
products  to  establish  any  conclusions  regarding  the  effects  of  corrosion 
product  volume  on  corrosion. 

Test  Series  No.  9  -  Evaluation  of  Prestressed  Pile  Specimens 

Purpose  of  Test.  To  determine  the  susceptibility  of  Nitronic  33 
and  carbon  steel  strand  embedded  in  concrete  to  depassivation  using 
specimens  cut  from  a  prestressed  test  piling  section  with  cracks  in  the 
concrete  cover.  Original  plans  to  test  the  specimens  from  the  piling 
without  cracks  were  not  performed  as  the  resistance  to  corrosion  initia¬ 
tion  of  both  the  carbon  steel  and  Nitronic  33  stainless  steel  in  speci¬ 
mens  without  cracks  was  likely  to  be  longer  than  the  time  available  for 
these  tests.  Original  plans  to  test  each  strand  in  the  sections  cut 
I rom  the  pilings  were  changed  since  it  was  determined  that  the  strands 
were  electrically  connected  through  the  spiral  wrap.  It  was  also  deter¬ 
mined  after  the  original  plans  for  this  test  that  the  spiral  reinforce¬ 
ments  iri  the  Nitronic  ii  stainless  steel  prestressed  piling  were 
Nitronic  i2  stainless  steel. 


Test  Specimens.  Cut  from  test  piling  prestressed  with  Nitronic  33 
strand  and  carbon  steel  strand. 

Test  Setup.  The  test  setup  for  the  determination  of  the  suscep¬ 
tibility  of  carbon  steel  and  Nitronic  33  stainless  steel  strand  in 
specimens  cut  from  test  pilings  is  shown  in  Figure  27.  The  faces  and 
ends  of  the  test  sections  were  sealed  with  paraffin  prior  to  filling  the 
reservoir  with  seawater. 

Test  Measurements .  Corrosion  potential  versus  time. 

Test  Conditions . 

•  Seawater  immersion 

•  Crack  widths  -  1/8  and  1/16  inch 

Total  Specimens . 

Strands  Blocks 

Carbon  steel  2  2 

Nitronic  33  _ 2  2 

Total  4  4 

Test  Results.  The  corrosion  potentials  versus  time  for  the  carbon 
steel  and  Nitronic  33  stainless  steel  piling  sections  showed  erratic 
behavior.  This  was  attributed  to  the  more  complex  geometry  of  the 
specimens,  the  presence  of  the  spiral  reinforcement  which  was  exposed 
(but  coated  with  paraffin),  and  the  variation  of  cover  over  the  strands. 
The  potentials  indicated  that  there  may  be  limited  corrosion  activity  in 
both  the  carbon  steel  and  Nitronic  33  stainless  steel  prestressed  speci¬ 
mens  . 

Upon  completion  of  the  potential  measurements,  the  strand  and  spiral 
reinforcement  was  removed  from  the  test  specimens.  As  shown  in  Figure  28, 
the  carbon  steel  strand  and  spiral  showed  considerable  surface  attack  in 
the  vicinity  of  the  cracks. 

The  Nitronic  32  stainless  steel  spiral  reinforcement  in  the  piling 
specimens  showed  several  areas  of  incipient  attack.  The  strand  in  the 
specimens  was  not  attacked.  The  condition  of  the  strand  and  spiral 
reinforcement  is  shown  in  Figure  29. 

T  est  Se  r  ies  No.  10  -  Evaluation  of  In  -  PI  a  c  e  P  i  H  ngs 

Purpose  of  Test .  To  determine  the  short  term  (17-month)  performance 
of  prestressed  pilings  fabricated  using  both  carbon  steel  and  Nitronic  33 
stainless  steel  exposed  in  a  marine  structure. 

Test  Specimens.  Pilings  in  the  SFA-LAND  pier  -  Port  of  Tacoma. 

Test  Setup.  The  test  pilings  were  evaluated  using  a  deve 1 opment a  1 
diver-held,  surface-supported  probe  which  measured  the  flow  of  current 
into  or  from  the  surface  of  the  test  pilings.  The  technique  is  described 
in  NCF.L  TM  32-83-01  . 
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Test  Measurements.  Corrosion  cur  rents  resulting  from  corrosion 
cells  on  the  prestressing  strand  or  spiral  re i ni o rcement .  Visual  obser¬ 
vations  of  surface  defects  on  pilings. 

Test  Conditions.  Seawater  immersion  of  driven  piling  in  an 
in-service  structure. 

Test  Results.  No  significant  corrosion  activity  was  detected  in 
either  the  Nitronic  3 3  stainless  steel  or  the  carbon  steel  prestressed 
pilings.  The  readings  obtained  on  both  types  of  pilings  were  statis¬ 
tically  identical.  Small  locations  on  the  Nitronic  3,1  stainless  steel 
prestressed  piling  whore  limited  corrosion  activity  was  located  were 
correlated  with  carbon  steel  "pre-ties"  used  in  the  manufacture  of  'lit' 
test  piling. 

Due  to  instrument  limitations,  the*  readings  taken  during  the'  first 
inspection  of  the  test  pilings  on  12  September  and  13  September  1985 
showed  no  corrosion  activity  on  either  piling.  The  performance'  of  the 
probe  was  substantially  improved  by  modifying  the  electronics  in  the 
topside  instrumentation  package  and  the  test  probe.  A  second  inspection 
of  the  pilings  on  11  October  1985  and  1  November  1985  resulted  in  the 
generation  of  reliable  and  meaningful  test  results.  The  corrosion 
activity  in  the  test  pilings  was  extremely  small.  The  maximum  readings 
obtained  were  less  than  one-tenth  of  the  readings  typically  obtained  on 
laboratory  specimens  where  corrosion  activity  was  known  to  be  occuring. 
Figures  30  and  31  show  that  the  readings  obtained  for  both  the  carbon 
steel  and  stainless  steel  were  similar  in  the  f requency  ol  readings 
versus  their  polarity  and  intensity.  As  shown  in  Figure  32,  which  is  a 
current  profile  map  of  the  Nitronic  33  prestressed  piling,  there  were 
several  small  site's  on  one  surface  of  the'  piling  where  the  majority  of 
the'  corrosion  activity  on  the  pile'  was  concentrated.  The  level  of 
current  was  small,  however  the  readings  we  re  reproducible  and  were 
interpreted  as  locations  of  corrosion  activity.  No  surface  indication 
of  activity  was  noted  by  the'  divers  at  these  sites  or  at  any  other  loco- 
t  i  on  on  tht'  test  pi  1  i  rigs  . 

Subsequent  detailed  examinations  of  the  piling  sections  obtained  by 
NCF.l.  for  sectioning  revealed  that  l  he’ re  we’re  carbon  steel  tic'  wires  list'd 
at  some  locations  for  securing  the  spiral  wrap  to  the  prest ress i ng  strand 
in  the  Nitronic  33  piling.  Figure  33  shows  a  magnet  adhering  to  such  a 
tie  wire.  The  tie  wire  was  found  on  the  same  face-  of  the  test  section 
where  t  fie  corrosion  activity  was  located  by  the  test  probe.  The  majority 
of  t  fie  tie  wires  in  this  spec  imen  were,  however,  nonmagnetic  austenitic 
stainless  steel. 

Discussions  with  Mr.  Philip  Birkeland  of  ADAM  Consulting  Kngineers 
regarding  the  manufacture  of  the  test  piling  sections  revealed  that  the 
carbon  steel  tie  wire  located  on  the  test  piling  section  and  the  corro¬ 
sion  activity  located  by  the  test  probe  were  at  locations  where  the 
spiral  wrap  was  "pre-t led"  to  the  strands.  I hese  "pre-ties"  are  spaced 
at  app  l  oX  i  ilia  l  e  I  y  a- toot  intervals  and  are  located  along  the  lace  of  the 
piling  identified  as  3.(1  in  I  i  gu  re  32  .  Ibis  is  i  den  l  i  c  a  I  t  *  i  t  tie  spacing 
and  location  of  corrosion  ac  t i v i tv  on  the  test  piling.  While  the  use  of 
carbon  steel  wires  was  neither  intended  mo  confirmed  bv  A  li  AM ,  the  tr  use 


w;is  considered  possible,  particularly  as  their  presence  was  confirmed  in 
Figure  .id  which  shows  a  small  bar  magnet  being  suspended  from  the  tie 
w  1  re . 

The  presence  of  the  limited  number  of  small  carbon  steel  ties  in 
the  exposed  pilings  is  not  considered  to  be  significant  from  the  stand¬ 
point  of  the  lifetime  of  the  pilings,  however,  the  use  of  such  t i e  wires 
should  be  avoided  in  future  construction  so  that  inspection  using  current 
probes  can  be  more  readily  interpreted.  In  fact,  confirmation  of  the 
ability  of  the  test  probe  to  detect  such  small  sites  of  limited  activity 
was  considered  to  be-  a  positive  aspect  of  the  presence  of  the  carbon 
steel  ties  in  the  Nit  roll  ie  .33  test  pilings. 

IMPACT  OF  CORROSION  ON  STRUCTURAL  INTEGRITY 
Purpose-  of  Kffort 

The  purpose  of  this  effort  is  to  assess  the  impact  of  the  type-  and 
e-xtent  of  corrosion  which  is  likely  to  occur  on  Nitronic  33  stainless 
ste-e-1  in  concrete  on  the  structural  integrity  of  prestressed  and  reiri- 
foree-d  concrete  structures.  As  the  distribution,  type,  and  extent  of 
corrosion  of  Nitronic  33  is  likely  to  be  substantially  different  from 
that  of  the  carbon  steel  commonly  used,  the  structural  impact  of  the 
corrosion  which  is  likely  to  occur  on  the  Nitronic  33  may  also  be  sub¬ 
stantially  different. 

Results  of  Assessment 

The  results  of  this  assessment  are  included  in  this  report  as 
Appendix  A.  This  assessment  was  performed  by  Dr.  George  Warren  of  NCF.L. 
The  assessment  showed  that  the  structural  impact  of  distributed  localized 
attack  of  the  type  anticipated  for  the  Nitronic  33  prestressed  piling, 
should  it  occur,  would  be  less  serious  than  the  more  general  attack 
which  would  be  likely  to  occur  on  carbon  steel  prestressed  structures  of 
s lm i 1  a  r  des i gn . 

ASSESSMENT  OF  INDUCED  ELECTRICAL  CURRENTS 
Purpose  of  F.ffort 

The  purpose  of  this  effort  is  to  determine-  the  magnitude  and  likely 
paths  of  electrical  currents  which  may  be  induced  in  prestressed  concrete 
structures  by  pulsating  magnetic  fields.  It  is  possible  that  electrical 
currents  which  are  induced  can  flow  from  the-  reinforcement  into  an 
electrolyte  and  induce  corrosion. 

Results  of  Assessment 

fins  assessment  was  performed  by  Mr.  Jim  Brooks  of  NCF.L.  The 
results  of  this  assessment  are  given  in  Appendix  B.  The  assessment 
showed  that  the  worst  case-  currents  are  less  than  1  ampere.  This  level 


is  substantially  below  that  required  to  cause  significant  corrosion 
activity,  and  can  be  reduced  substantially  by  increasing  the  resistance 
of  the  current  path  by  not  allowing  the  prestressing  strand  to  protrude 
from  the  bottom  of  the  pilings.  As  this  will  be  required  to  prevent 
direct  contact  between  the  strands  and  seawater  or  bottom  sediments,  the 
currents  in  an  actual  structure  will  be  insignificant  from  the  standpoint 
of  corrosion. 


REVIEW  OF  TEST  RESULTS 

This  review  of  test  results  is  based  upon  the  electrochemical  tests 
and  the  actual  condition  of  the  test  bars  removed  from  the  test  specimens 
except  for  the  evaluation  of  the  in-place  pilings. 


Test  Series 


Results 

Nitronic  33  more  resistant  to  lower  pH  and 
increased  chloride. 

Nitronic  33  more  resistant  to  ion 
migration . 

Carbon  steel  became  active;  Nitronic  33 
remained  passive. 

Neither  alloy  became  active. 

Nitronic  33  more  resistant. 

Carbon  steel  repassivated;  Nitronic  33 
did  not  depassivate. 

Carbon  steel  depass i vated ;  Nitronic  33 
did  not  depassivate. 

Carbon  steel  depass i vated ;  Nitronic  33 
did  not  depassivate.  Corrosion  product 
volume  insufficient  to  cause  measurable 
changes . 

Carbon  steel  corroded;  Nitronic  33  did  not 
corrode.  Nitronic  32  showed  incipient 
cor ros i on . 

No  significant  difference  between  pi  lings. 
Carbon  steel  in  Nitronic  33  piling  had 
become  active,  otherwise,  no  significant 
activity  in  either  piling. 


Test  Series 


Resul ts 


Structural  Integrity  The  type  of  attack  expected  on  the  Nitronic  33 

should  it  occur,  would  have  less  impact  than 
that  of  the  typical  corrosion  of  carbon  steel. 

Induced  Currents  The  effect  of  induced  electrical  currents  will 

be  insignificant  and  may  be  easily  reduced 
further . 


CONCLUSIONS 

Based  upon  the  results  of  all  of  the  tests  performed  in  this  vali¬ 
dation,  it  is  concluded  that  the  resistance  of  Nitronic  33  stainless 
steel  to  corrosion  in  environments  representative  of  those  found  in  a 
prestressed  or  reinforced  structure  is  superior  to  the  corrosion  resis¬ 
tance  of  carbon  steel. 

The  type  of  local  attack  which  may  occur  if  corrosion  of  the 
Nitronic  33  stainless  steel  is  initiated  will  have  less  effect  than  the 
distributed  corrosion  which  occurs  on  carbon  steel  prestressing. 

Electrical  currents  induced  by  the  operational  magnetic  fields 
associated  with  degaussing  facilities  will  not  result  in  accelerarted 
attack  of  the  Nitronic  33  stainless  steel. 


NEED  FOR  ADDITIONAL  EFFORTS 
Construction  Criteria 


As  the  properties  and  performance  of  Nitronic  33  stainless  steel 
have  been  found  to  be  substantially  different  from  the  commonly  used 
carbon  steel,  it  is  necessary  to  develop  different  criteria  for  the 
construction  and  construction  inspection  of  structures  using  Nitronic  33 
stainless  steel.  This  has  already  been  accomplished  for  the  design  of 
Nitronic  33  prestressed  and  reinforced  structures  where  such  differences 
in  strength,  elasticity,  stress  relaxation,  bond  strength,  and  weldability 
were  assessed  and  changes  to  the  design  and  fabrication  of  the  structural 
elements  were  modified  as  necessary.  This  must  also  be  done  for  the 
differences  in  corrosion  behavior.  The  most  critical  factors  related  to 
corrosion  performance  are  likely  to  be  the  tolerable  limits  for  cracking 
in  the  cover  over  prestressing  strand  and  reinforcing  bars,  and  the 
method  for  repairing  such  cracks  and  encapsulating  the  exposed  ends  of 
the  prest ress i ng  strands. 

Maintenance,  Repair  Methods,  and  Criteria 

As  for  construction  criteria,  it  will  be  necessary  to  develop  d i t - 
ferent  methods  and  criteria  for  the  in-service  inspection  of  structures 
using  Nitronic  33.  The  most  critical  factors  related  to  corrosion  per¬ 
formance  are  likely  to  be  the  detection  of  corrosion  activity  and  the' 
location  of  the  position  of  the  prestressing  strands.  The'  test  probe 


used  expe  r  i  mt'nt  .1 1  1  v  in  this  validation  should  he  developed  into  a  field 
unit  which  tan  he  used  tor  the  inspection  of  Nitromc  33  prestressed 
structures  and  for  c.irhon  steel  prestressed  and  reinforced  structures  as 
we  11. 

As  for  construction  criteria,  it  will  he  necessary  to  develop  dif¬ 
ferent  methods  and  criteria  for  the  in-service  maintenance  and  repair  of 
structures  using  Nitronic  33.  Tfie  most  critical  factors  related  to 
corrosion  performance  are  likely  to  he  the  methods  for  repair  of  in- 
service  cracking  in  the  cover  over  prestressing  strand  and  reinforcing 
liars,  and  the  the  methods  for  spalled  elements. 

lion l  1  nuu t  1  on  of  Test  Kxposures 

Long  term  exposure  is  the  most  reliable  method  of  determining  actua 
performance  of  any  material.  The  tests  performed  in  tins  validation 
were  designed  to  determine  the  relative  per t ormaiu  e  of  Nitronii  11 
stainless  steel  and  (arhon  steel  under  art ific. illy  produced  conditions 
and  in  small  samples.  While  t fit*  results  of  such  tests  can  he  used  to 
compare  performance,  they  should  not  he  used  to  predict  the  Lifetime  of 
the'  materials  tested  when  they  are  in  use  in  full-scale  structures. 

Selected  test  exposures  of  Nitronic  1!  should  he  continued  to  both 
support  tlie  recommended  methods  and  criteria  efforts  and  to  serve  as  a 
basis  for  the  prediction  0 f  the  long  term  performance  of  Nitronic  33 
stainless  steel  in  full-scale  structures. 


KKOWIKMIATIONS 


1.  The  design  and  construction  of  the  deperming  facilities  should 
proceed. 


1.  I  lie  design  drawings  should  fie  carefully  reviewed  to  insure1  that 
adequate  cover  is  provided  over  all  of  the  Nitronic  SI  stainless  steel. 


3.  ions t rue t i on  and  const  no  l ion  inspection  criteria  should  he 
developed  for  t  tie  facilities  c  oils  t  rue  t  ed  using  Nitronic  1  i  stainless 
steel  . 


4 .  I n - se  r v i 1  e  inspection  met  hods  and  criteria  should  he  developed  lor 
1 .0  1  I  1  t  i  es  constructed  using  Nitronic  ■)  i  stainless  steel. 


a  .  ‘I  •  1  1  lit  on. nice  ,md  repair  methods  and  criteria  should  he  developed  for 
I  a  1  1  I  1  t  1 es  constructed  using  N 1 t  run  1 <  13  stainless  steel. 


t>.  Sold  ted  test  exposures  of  Nitronic  11  should  he  continued  to 
support  t  tie  reci  million  did  me  l  hoi  Is  and  criteria  efforts  and  to  oh  t  a  I  11  long 
1 1  •  1  in  performance  data  on  Nitronic  11  stainless  steel. 
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Figure  lA.  Corrosion  current  and  potential  versus  time  for  carbon  steel 
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Appendix  A 

ASSESSMENT  OF  IMPACT  OF  CORROSION  ON 
STRUCTURAL  INTEGRITY 
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MEMORANDUM 

From:  L72/Brooks 
To:  L51 / Jenkins 

Via:  L72^ 

L70'A-O 

Sub j :  CORROSION  CURRENTS  ASSOCIATED  WITH  NAVY  DEPERMING  PIERS 
Ref:  (a)  L51  memo  of  7  Oct  85  requesting  assistance 

1.  As  requested  by  reference  (a),  the  35%  design  reports  of  the  Deperming 
Pier  for  San  Diego  have  been  reviewed.  Preliminary  analysis  shows  that  the 
X-loops  of  the  structure  can  induce  currents  of  up  to  one  ampere  in  the  pier 
structure  when  the  separation  between  loops  is  10  ft.  All  other 
configurations  are  not  expected  to  present  a  problem  including  the  Z-loop.  If 
currents  of  up  to  one  ampere  present  a  corrosion  problem,  then  the  following 
steps  are  recommended: 

(a)  Choose  a  configuration  where  the  pier  structure  is  outside  the 
X-loops . 

(b)  Coat  the  rebar  steel  with  a  non-conducting  epoxy  prior  to  imbedding  in 
the  concrete. 

(c)  Do  not  allow  the  rebar  steel  to  protrude  out  the  bottom  of  the 
concrete  piling. 

(d)  Do  not  connect  the  rebar  steel  of  the  piling  with  the  rebar  of  the 
pier  top  structure. 


JAMES  L.  BROOKS 


Copy  to: 
L72/Miller 


DISTRIBUTION  LIST 


\l  MISSDIIIM.  kudcnu,  IA.  to5n  ABUDIR.  P.nrick  Al  B  II:  Mil  1)1  I.  AA  right  Pane  rson  MB.  oil 
MB  MU  MU  hill  Scon  MB  II.  IK.)  lACDl'MM  iSchmidl  I.  I.ingko.  A  A.  SAMSOMSM).  Norton 
MB  (A 

M I  si  DIB  Ivtulall  MB.  II  IIU  Ml  S(  MSI.  Ivndall  Al  B  I  I  .  IK)  RIH  .  I  >ndall  MB  II.  IIU  INI 
I  \  n.I.ill  M  B  I  I 
M  IIU  I  Sh  IK  Ms 

N\||  AC  \  I )  I  MX  ()|  I  N(  IRC  i  Alexandria.  A  A 
ARAIX  Al /I -Dl  -I  PS.  It  Hood.  1\.  AAIOSMAAS.  Alexandria.  A  A 
ARAIX  ARXDOOM  SUMO  On.  Dour.  SI 

ARAIX  BAIDSC  Rl  ill  XkC  Icllunl.  Huntsville.  M  .  Olr  ol  I  ngrs.  1)  M  NOW  I  -M.  AAuslirnglon  IK  .  Oh  ol 
I  ngrs  DM  VMI’l  .  AA  u'htngton.  D(  .  Comm  kind.  I  cell  Rcl  Do.  Iluaciutcn.  A/.  I  RADOOAI  lo.li  Supp 

Du  iDIISDI)  M  Monmouth.  Yl.  I  ISA  I  i.l  ll.nclll.  1 1  Bclvorr.  A  \.  HSA-PAl  t  Kiatevvski  i.  Ii 

Be  Iv  on.  \  A  I.io  I'ngr  Du.  Conn  Bi.  It  ( >rsl  (A:  IK.)I)\  iDMV/l  Mi.  Poll  DO.  Okinawa.  I.ip.m 

ARAIX  C  l  Rl  C  I  R1  /N  C  liuinpuign.  II  .  I  ibrarv.  C  liuinpuign  I! 

ARAIX  CORPS  Ol  I  NC.IM  I  RS  IINDID-OS.  Huntsville  M;  UNDID  NX.  Huntsville.  M  IiKi.tr>.  South. 

AA  A 

ARAIX  (  RRl  1  C  RRI  I  l  Ci  |  Reel)  C  l  i.  Hanover.  Ml 

ARAIX  1)1  I’UI  Ictlcrkcnnv.  1  Ate  i'ngr  (SDSl  I  -Si  t.  C  Itnmhcisbuig  I’A 

ARAIX  I.AAIS  I  ibrarv .  \  ieksburg  MS.  AA  I  SC  \  -/  t  \\  li.tliu  t.  \  ickshuig.  Ms.  AAISCiP-l  tCiicvu).  A  ickshuig. 

MS.  AAlSCii’-IAl  (Cl  Smith I.  Aickshurg.  MS 
ARMS  INC.R  DIS I  l  iKr.tr>.  Portland  OR.  Plnl.i  I  iK.  Philadelphia.  PA 
\R\IA  M\|  A  MICH  RSOII  CIS  DRXMR-SM  tlcnocl.  Vi uicrtovv it.  MX 
XRMV  M  I  MC  M  I  I  Cl.  Newport  News.  A  A 

ARAIX  I  RANSPOR  I  A  HON  SCIIOOI  ASIPCDM.  lort  I  u-iiv  A. A.  XISP-CDXI  (C  ivill.u.  lot!  I  uMiv  A  A 

XRMV-BHAl  >IR  RM)  OIK  SIRBI-AAIC).  It  BeKotr.  A  A.  SIRBI  III  OKI  .  It  liehotr.  A  A 

si  RBI  -Oil  O  It  BeKotr.  \  A :  SIRBI  -AAC  .  It  BeKotr.  \  A 
\DM1NSI  PI  PWO.  Bahrain 

Bl  Rl  Al  Ol  RI  C  I  AMA1ION  D-lsU  HIAA  DePml.  Denver.  CO 

(  IH  Code  Kt.  Davisville.  RI.  C  ode  155.  Port  lluetieme.  (A;  C  ode  J5n.  Cutllpon.  MS.  Du.  OF  SO.  Port 
I luenetne .  C  A.  I.ibr;tr>.  Davisville.  Rl:  PWO  (Code  MB.  Port  I liieiieme.  C  A.  PWO.  Davisville.  Rl:  PWO. 
(iultport.  MS:  lech  l.ibraru  (itillport.  MS 

C  Bl  Jill.  OK  .  (Ire.it  Bakes.  II:  JB5.  OK  .  S.m  Diego.  (  \.  411  OK  .  Norfolk.  A  A  41'.  OH  Oak  Harbor. 

W  \ 

C  |N(  l  SN AX  I  PR  l.onilon.  I  ngl.md 

C  NCI  C  ode  NOP'iKJ.  Washington.  DO.  C  ode  OP-UN'I.  Washington.  IK  OP-tius  Washington.  DC 
(OXKBI  \NI  Code  S.M.  Norfolk.  A  A 
CONIC  BPAC  Diego  (lareia  Pro|  Otlr.  Pearl  Harbor.  III 
OOXIDl  COCIARI)  IiKrarv.  Washington.  DC 
C  ( >MI  AIRMI  I)  SC  I  Naples.  Italv 

COM!  |  |  no  I  PWO  llingr  Din.  SaseKo.  Japan.  PWO.  Sasebo,  lap.nt  SC  1  .  A  okosuka  lapati.  I’NNC).  kudcnu. 

( Ikmuw.i 

OOMNAX  AC  I  PWO.  I  ondon.  I  nglaml 
COMNAA  AIRI  AN  I  Nile  AA  pits  See  Otti.  Norlolk.  A  A 
COAIN  AA  I  (KiPAC  Code  4  A I  s .  [Varl  Harbor.  Ill 
(  MAIN  AA  RI  SI  OK  Code  US.  New  Orleans.  I  A 
OOAIYAASl  PPIORAN  I  ARC  I  K  A  1)1  I.  PAAC  I.  C  hristchiiri.li.  N/ 

00X1001  ANSASI  AN  |  las  Xlgnit  Ollt.  I’ AA  I )  Norlolk.  A  A 
OOAIOOI  ANSASPAC  SC  I  Pearl  Harbor  III 
C  C IAI I  R  Al  AN  I  SC  I  .  Norlolk.  A  A 

N  AA  CK  I  ANC  OAK  I  N  C  ( ).  Citium.  Manana  Islands.  C  ode  I  I  S  Cniatti.  Al.uiatia  Islands 
DIRSSP  I  eeh  I  rb.  Washington.  DC 
DOI  AAtnd  Ocean  lech  Dtv .  lobucco.  All) 

I) IK  Alexandria.  A  A 

DINSRDl  (ode  I’:.  Bethesda.  Ml),  (ode  Jill.  Betllesda.  Ml),  (ode  J_\  Bethesda  AID.  Dl  I.  (  .-tie  _ A J . 

Annapolis.  Ml):  Dl  I.  C  osle  JUu.  Annapolis.  AID 
I  AA  (ode  APXI'JII  llomttal.  AA  ashmgton.  IK 
I  (  I  (  I  ANI  PAAC)  A  irgmiu  Bell.  A  A 
I  Ml  I  AN  |  (If  Otlr.  Norlolk  A  A 
(dl)l  P  OK  (  orona.  (  A 

CiSA  Chief  I  nerg  Br  C  ode  PUB.  AAushington.  IK 
IN  1 1  XIXKIIIXII  INC  |)  AAalsh.  San  Polio  (  A 
I R I  1111)  Input  Pros  Dir  iR  Dunloidl  I  .rear)  AIN 
KW  Al  Al  I  IN  AIISR  AN  B XI DSC  Kkl  < 

IIBKARA  Ol  (  (INI, KISS  Su  .A  I  eeh  Do  AA  aslimeioii.  DC 

i 

i 

1 


MARCORDISI  i:.  Code  4  Sail  rr.uu.isa>.  (  A 
M NRCORPS  riRSI  FSS(i.  Fn*:r  Supp  Otlr.  (amp  Pendleton.  t  N 

M  \RIM  CORPS  BASF  At ‘OS  Fac  I  nur.  Okinawa.  C  ode  4  i  M  .  Camp  Pendleton.  (  \  C  mk*  1mm.  (amp 

[  ctcunc.  NC.  I >ir .  Mam!  Control.  PWD.  Okinawa.  Japan.  M  A  R  Division.  C  .imp  I  eieune  N(  .  Mam!  ( >U 
C  amp  Pendleton.  CA;  PWO.  Camp  l.eieune.  NC.  PWO.  C  amp  Pendleton  (  \ 

M  \RI\I  CORPS  HU  IRS  Code  III  -2.  Washington  DC 
MC  M  Code  (144.  Ouantieo.  N  A 

MC  \S  |>n.  Ops  l)i\.  Fac  Maint  Dept.  Chem  Point.  NC.  Du.  I  til  Div.  1  ae  Maim  Dept.  (  hem  Point.  NC  . 

PWO.  Kaneohe  Bav  IF:  PWO.  Yuma.  A/ 

M(  DlC  M  A  l  Dn  Uuanticu.  Y.\:  PWO.  Ouantico.  \  \ 

MC  RD  SC  l  San  Dieeo  (  \ 

\M  Du  I  nors:  Div.  PWD.  Atsuei.  Japan.  PWO.  Atsiiui.  Japan 
\  Nl  I  ( )|C  .  San  Dieeo.  C  \ 

N  \s  (  base  lid  (ode  Is.'iNi.  Beeville.  IN:  Code  Ml.  Mameda.  C \.  (  ode  R>v  Kellavik.  Iceland.  C  »>de  Is2. 
Bermuda.  Code  Is"oo.  Biun**vviek.  Ml  .  Code  <>2;4  ((  \mokli.  Point  Muuu.  C  N.  Code  "o.  Maiietla.  ( » A . 

(  ode  "21  .  Willow  Drove.  P\.  Code  >v  Patuxent  Ri\ei.  MD.  (  ode  ''l  .  Patuxent  Rivet.  MD.  (  ode  si  N. 
Patuxent  River.  MD.  Du.  limn:  Div .  Millineton  IN.  Du.  Maint  C  onitol  Di\.  Kev  Wot.  M  .  Dueetot. 

!  imte.  Div  In  ore  Dir  PWD.  \d.ik.  \K.  I  nete  I  >i  r .  PWD.  (  oipus  C  hiisii.  IN.  I  ae  Plan  Ur  Met  (Code 
Dm.  N|  San  Dieeo.  C  \.  lead  C  PO.  PWD.  Sell  Help  Di\  .  Beeville.  IN.  (ode  IS2I  \.  Miialllai.  Sail 
Dieeo.  (  \.  PWD  Maint  Div  Ntw  Orleans.  I  N  PWD  Mamtenaiiee  (  ontiol  Du  .  Beimuda.  PW(). 

Beeville.  IN.  PWO.  C  Veil  Field.  II.  PWO.  Dallas  IN  PWO.  (.lenview  II.  PWO  Kellavik.  leeland.  PWO 

Kev  West.  II  .  PWO.  Kmesullc  IN.  PW().  Millmeton.  IN.  PW().  Miialllai.  San  Dieeo  (  A.  PW().  MoMelt 

1  leld.  C  A  PWO.  New  Oilcans.  I  V  PWO.  Nieonclla.  Sieilv  .  PWO.  South  Wevmoulh  M  \  PW  O  Willow 

(ftove.  PN  SCI  .  BalKls  Point.  HI.  SCI  .  Oulu  Point.  RP.  Seeuntv  otli  (Code  I '  I  Mameda.  C  \  Seeuntv 

(>!tr.  Kmesville.  IN 

N  \  |  [  Bl  RI  \l  Ol  slANDARDs  B  Us  UR.  ( iaithershuie.  MD 
N  \H  R|  S|  ARC  II  (  Ol  NC  ||  Naval  Studies  Board.  Washington.  D( 

N  \\  MRINCiCfN  (ode  |s_\  I  akehuM.  Nl 

N  \N  NIKI  WORKFAC  Code  l<  N».  (  hem  Point.  \C  .  Code  Mu.  Pensacola  II  .  (  ovie  M||i>.  San  Dieeo.  (A. 

(  ode  o|ooo.  Pensacola.  FI  .  SOI  .  Norlolk.  \  \ 

N  \N  AIRPROPII  SIC  I  N  CO.  Denton.  Nl 
N  \\  MRHSIC  IN  PWO.  Patuxent  River.  MD 
N  \\  .\l  DSYCIIO  Director.  Falls  Church  VA 

NAN  AN  ION  ICC  IN  Depute  Dir.  PWD  1C  ode  D  "l)h.  Imlian.ipolis.  IN.  PW  Div.  Indianapolis.  IN 
NAVCWIS  PWO.  Norfolk  YA.  SCI  (Code  V"l.  Naples.  Italv.  SCI  (Code  W-Ni|.  Waluavva.  HI.  SCI  .  Ovum 
Mariana  Islands 

N  AYCHAPORl  C  ode  Hi.  W  ilhanislmie.  YA 

N \YCOAS  I  SYSCFN  Code  2;<>o.  Panama  Citv.  II  .  Code  42v  Panama  (  iiv .  II  Code  f»5o.  Panama  Cite.  II  . 

(ode  "15  (.1  Mitllcman)  Panama  C  itv  11  lech  I  ihrarv .  Panama  Citv.  II 
N  \\( OMMSIA  Code  401.  Nea  Makri.  (ireeee.  Dir.  Maint  Control.  PWD  Dieeo  (iareia.  Du.  Maint  Contiol. 

PWD.  I  Imrso.  I  K.  PWO.  I  xmouth.  Australia 
N  \\  (  ONSIRAC  FN  (  ode  B-l.  Port  Hueneme.  C  \ 

N  \\ f  Dl  RAPRODI  \(  I  N  lech  I  ih.  Pensacola.  II 
VAN I  I  I  \C  I  N  Dl  1  .  OK  Winter  Harhoi  Ml 
N  \\  1  ( )D  1 1  (  ||(  I  N  lech  l  ihrarv.  Irulian  Head.  MD 
NAM  \(  PWO.  (  enterville  Beh.  I  erndale  CA 

V\YI  A<  f  NCR  ( l\!  (()  (Code  MMl.  Mexandria  N  A.  Code  u;.  Mexaiulria.  N  A:  (ode  H’d  (Fssoelou). 

Mexandria.  \  \.  (ode  uJBv  Mexaiulria.  \  \.  (ode  u4M.  Mexaiulria.  N  A.  Code  04MIA.  Alexandria.  YA: 

(  o»le  l  \  Mex.uulna.  \  \.  (ode  mi,MI24  (I  ihi.  Mexandria.  N  A.  (  ode  M  K  i .  Mexandria.  YA;  Code 

|o»i2B.  Mexaiulria.  \  A  (ode  IPO-VN2  i  Bloom  i.  Mexandria.  \  A.  (ode  IPO  H  .  Mexaiulria.  YA 
N  \\  I  \(  I  NCR  ON!  (  HIS  DIN  (ode  KM  Washmeton  D(  (  ode  4n.Y  Washmeton.  DC.  (ode  405. 

\N  ashmet' *n .  D(  .  (  oiie  4uo(  .  Washmeton.  |)(  .  (  ode  Jo"  (D  Sehccsclci  Washmeton.  DC.  (  ode  l  PO-1C. 

W  .ishineton  D(  .  (  odt  I  P( )  I  PI  .  Washmeton.  D( 

N  \\|  \(  1  N(,(  DM  1  \N  1  DIN  Br  OR.  Dir  Naples.  Italv 

N  \  1 1  ht  RI  \t  Ol  S!  \NDARDS  Bide  Mat  Div  (RosMicn.  (iaithershuie.  MD 
N  \N  I  \<  I  N(,(  OM  I  NN|  DIN  (ode  4oV  Norlolk  N.\.  Iihrarv.  N,.||,.|k.  N  \ 

N  \N|  \(  I  N<  ,(  ( )N|  N(  )R  |  H  DIN  (  < ).  Philadelphia.  P  V  (  ode  ol.  Philadelphia .  PA.  (  ode  04  \l  . 

Phil, iik  fphla .  PN  (ode  II  Philadelphia  P  \  (ode  111.  Philadelphia  P\.  (ode  M2  2.  Philadelphia .  PA. 

(  ode  Jus  \l  .  Philadelphia.  PN 

N  \\|  \(lN(,(OM  P  N(  DIN  (ode  KM  tKvil.  Pearl  Haihoj.  HI  C  ode  oup  Peail  Harbor.  HF  (ode  201). 

Pearl  llarhor  III.  (ode  4»C.  RDlAl  lilt).  Pearl  llathor.  Ill  lihiarv.  Pearl  Halhor  III 
N\N|  \<  |N(,(OM  SOI  IH  DIN  (ode  1112.  (harleston.  S(  .  (ode  OF  (  harleMon  S(  <  ode  Joo. 

(  harleston.  S(  <  icotcch  Section  ((ode  4022).  (harleston.  S(  I  ihraiv.  (  hailcslon.  S< 

N\N|  \(  |  NCR  ON!  WISI  DIN  o*rp  20.  San  Biuno.  (  N.  (  ode  olB  San  Bruno.  (  A.  (  «>de  luj.  San  Biuno. 

(  \  Du  PWD  i(  ode  0 1  s  i .  San  Bruno.  (  N.  I  ihiarv  l(  nde  o4A2  2)  San  Bruno.  (  A  RDI  Al  I  nO.  San 


V\\  I  \U  \(i(  ()\l  COMRAOIS  AROK  l  .  Ouuniito.  \  A  (ode  4<><).  Portsmouth.  V  A .  DOICC.  Dieeo 
(iarcia.  DROK  (  .  I  c  moo  re.  I  A.  DROIC  C  .  Santa  Ana.  (  A:  OUT.  (iuam:  OlCC  .  Roiu  Spam:  (>[('('. 

\  itemia  Roach.  \  A.  OIU  ROICC.  Norfolk.  \  A.  ROICC  (Code  Portsmouth.  \  A.  ROICC.  C  ode  (>l. 

SiKcrdule.  W  A.  ROICC.  C  orpus  Chnsii.  IN  ROICC.  Crane.  IN.  ROICC.  lack^onv rile.  I  I  :  ROICC. 
kctlavik.  Iceland.  ROIC  C  .  kev  West  M.  ROIC  C  .  Point  Mueu.  C  A.  ROIC  C  .  Rota.  Spam:  ROIC  C  . 

I  w  cut  v  nine  Plums.  C  \.  ROU  C  AROlC  C  .  Hrookltn.  NY;  ROICC  AROlOC.  C  olts  Neck.  N.l;  ROIC  C  OlCC  . 

SPA  Norfolk.  \  A.  S\\  Pac.  OlC  C  .  Manila.  RP 
N  \\H  PI  DP  l  OK  Sokohamu.  Jupur. 

N  \\  HOSP  C  l  .  Newport.  Rl.  C  O.  Millinefon.  IN.  Du.  I  nere  Div.  C  amp  l  ejeune.  NC  .  PWO.  (iuam.  Manana 

Islands.  PWll,  Okinawa.  Japan.  SCI  (knapowskii.  Citeal  Cakes.  II.  SC  I  .  Camp  Pendleton  (A  SCI  . 

Pensacola  II.  SC  p .  Sokosuku.  Japan 

N  \\M.\Ci  l  iiiii  On.  PWD.  Ciuam.  Manana  Islands.  SC  I  .  (iuam.  Manana  Islands.  SC  I  Subic  Rav.  RP 
NWMI  IHOM  MIDI  \ N  I  RCCi.  PWO.  Nortolk.  \  A.  N\\R((..  Head,  l  ac  Menu  Dept.  Oakland.  C  V  S| 
RPC*.  Hd.  lac  Menu  Dept.  Jacksonville.  II  .  SWRpCi.  Head,  lac  Menu  Dept.  San  Dieeo.  (A.  SW  Rl  O. 
OlC  C  San  Dieeo.  (  A 

\  \\\ll  DRSC  I  HNS  till  II  Code  4A  Kethesda.  MD 

N  \  |  [  Rl  Rl  \l  Ol  S  I  AND  \RDS  Ride  Mat  Di\  (Mathevi.  ( i  ulhersbuie.  MD 
NWOCI  \NO  Code  iM  Paieel.  Ra\  St  I  mils.  MS.  Pibiurv.  Rav  St  1  ouis.  MS 

VWOCl  ANSS  SC  I  N  Code  ‘>4  (  I  alkmeton  >.  San  Dieeo.  (A,  Code  k,o4  <  I  ech  I  ihtaiv  ).  Sail  Dieeo.  C  \  (  ode 
1Jn42R  i  Hut  side  librurvi.  San  Dieeo.  (  A 
N  WORDMISU  SISI  \  Du.  Pnere.  PWD.  White  Sands.  NN1 
N  WORDSI  A  PWO  I  ouisMlIe.  kS 
N  \\  PI  lOli  (ode  'l>.  Alexandria.  \  \ 

N.WPCisCOl  Code  ns  it  S  Will.  Monterev .  C  \ 

N  \\  PHIR  \Sl  Harbor  Clearance  lint  Iwo.  Noifolk.  \  \.  PWO.  Norfolk.  Y\:  SOP.  San  Dieeo.  (  \ 

N  WRADRI  C  I  \(  kamiseva.  Japan 

N  \\  Rl  sRI  DC  ( >M  Commander  iC  ode  n“_i.  Sail  f  rancisco.  (  A 
N  WSC  Ot  C  l  C  Oil  Code  C  44  A .  Poit  Mucnemc.  C  A 
-I  PWO  \t liens.  (.  \ 

N\\St  AC  I  N  P  \(  Code  V  Sec  Met.  San  Dieeo.  (  \ 

N  \\ sl  \SYS(  OM  (ode  k*M.  Washington  DC  ( ‘ode  Odl4.  Washmeton.  DO:  (ode  (Cl  •  I  D«v  Washineton. 

IK  .  C  otic  s|  A  u5M.  Washmeton.  DC 

NWslCC.Rl  \(  I  (  O.  Cialeta  Island.  Panama  C  anal.  PWO  (C  ode  4m  f.  I  d/ell.  Scotland:  PWO  Atlak.  Ak 
PWO.  Sahana  Seca.  PR 

N  \\ si  (  ( I K l  (  OM  (  ode  04'  Washmeton.  DC 
N  ,\\  s|  C  S  1  \  Dir.  I’ nere.  PWD  Washmeton.  DC 

N  WslllPRI  PI  \(  Iibtuiv.  (main:  S(  p.  Subic  Rat.  Rl*.  SOI  .  Yokosuka  Japan 

N  WsIlIPSD  CO.  Philatlelphia.  PA.  Carr  Inlet  Acoustic  Ranee.  Rremerton.  W.\:  Code  134.  Pearl  Harbor. 

HI.  (ode  ’iC  J.  lone  Reach.  (  \.  Code  21C  3  fl.ibrait).  Rremerton.  W  \.  Noilolk.  (title  .'Sib  Portsmouth. 

\  \  <  »ule  v  Pearl  Haihor.  III.  Mare  Islaiul.  (  ode  4|n.  \  alleio.  C  A.  Code  44u.  Rremerton.  W  \.  Code 
44o  Portsmouth  Nil  Norfolk,  (ode  44n.  Portsmouth.  A  A:  Code  44n  4.  Rremerton.  WA  Mare  Island. 

(  odt  O'  \  alleio.  (  \  (odt  1>M\  lone  Reach.  (A:  (ode  4:n.  lone  Rtaeh.  (A.  Nortolk.  Code  4:n. 
Portsmouth.  \  \  Iibrurv.  Poitsmouth.  Nil.  Norilsk.  Code  4^*-l).  Portsmouth.  Y\;  Norfolk.  Code  45”l  . 
PoitsmoiiTh.  \  \  PWO.  Rremerton.  W.\,  Mare  Island.  PWO.  Vallejo.  (  A.  SC  I  .  Pearl  Harbor.  Ill 
N  \  \  S I  \  \  Sueihara.  Peal!  Harbor.  HI.  CO.  Rrooklvn.  NS  CO.  lone  Reach.  (A.  CO.  Roosevelt  Roads.  PR 
N  \|  \RO|(  Midw.jv  Maud 

N\\sl  \  Du  I  ner  Div  PWD  u  ode  IVinii,  Mavporl.  II  .  Dir.  I  ner  Div .  PWD.  (luantanamo  Rav .  Oub.i; 
lucre  Du  Rot..  Spain  WO  ‘H.  (mantunumo  Rav.  Cuba.  PWO.  (iuatUanamo  Rav.  Cuba  PWO.  Mavporl. 

II  s(  |  (mam  M  irianas  Islands.  S(  I  San  Dieeo  (A:  SOP..  Subic  Rav.  RP;  l  til  P  nere  Otlr.  Rota.  Spain 
N\\S1  PP\(  I  PWO  Holt  I  m.  h.  I  k.  PWO.  Naples.  Italv 
N  \\  sl  PPI  \(  Dii.  Maim  (  ontiol  |)i\.  PWD.  Ihurmoiu.  MI) 

N  \\ sl  PP(  >  Si  timiv  ( >! I r  I  a  Maddalcna.  Italv 

N\\SW<  <  ..dc  i  :il  K  Roust- 1.  Dahleren.  Y\  DI  1.  PWO.  White  Oak.  Silver  Sprint.  MD.  PWO. 

I  J.ihlercn  \  \ 

N  \\  [  I  (  If  I  R  \(  |  N  S(  |  Pens., tola  PI 

N  \ \  I  R  \ S  I  \  S(  |  San  Dieeo.  (  \ 

N\\w  \kl()I  lav  (  .«.fd  Kodc  2U.  Newport  Rl 

N  \\ W  PNC  |  N  Code  China  lake  (A.  (ode  China  lake.  (A.  DROICC  {(ode  "'•Cl.  (  hma  lake. 

(  \  PW  OK  .ule  2**'\  <  hma  I  ake.  (  \ 

N  W  WPNSl  \(  W  pns  ()tir  Si  Maw e. in.  I  nelaiul 

NWWPNSJ  \  (  odt  ***2  (ops  Nttk.  Nl  Code  u*0.  (  oncord  (A.  Dir  Mamt  Control.  PWD.  Concord.  (A. 

Dir  Mamt  <  oiurof  Sorkiown.  \  A,  I  nere  Div  PWD  Yotktown.  \  A.  k  I  (  Icbak.  (oils  Neck.  VI.  PWO. 

(  harlcston  S(  PWO  (  ode  "UR  Colts  Nttk  Nl.  PWO  Seal  Reach.  C  A 
NWWPNSl  \  PWO  S  or k tow n  \  \ 

NUW  PNSI  \  Supr  ( .cn  I  net  PWD  Seal  Heath  (  \ 

N  \\  W  PNSI  PPC  I  N  (  otic  n*b  (  rant  IN 

N|  1(  (.»tic  D  Newport  Rl  PW()  Newport.  Rl 


NC  R  'll.  t  ().  Gultport.  MS.  'll.  I  mle  RAF  Gultport.  MS 
NM(  B  '  ( )perations  Ollr.  40.  (O:  5.  Operations  Dept.  '4.  t() 

NOW  lihrart.  Rocktille.  Mil 

NORDA  Code  w:  B.i>  St  Louis.  MS.  Ocean  Rseh  Ott  (Code  4410  Bat  St  loins.  MS 

NRI  Code  'Ml  it  ml  I  nergl.  Washington.  DC.  Code  5SI>0.  Washington.  DC:  Code  nl'.'  (Dr  Brads). 

W  ashmeton.  DC 

NSC  Cheatham  Annex.  PWO.  Williamsburg.  \  A.  Code  54.1.  Nortolk.  VA:  Code  "’00.  Norfolk.  VA.  Cat  A 
[  quip  Du  ((  ode  45 1  Oakland.  (  A:  SCf\  Charleston.  SC:  SC  I  .  Norfolk.  VA 
NSD  SCI  .  Snhie  Bat.  Rf* 

\  (  SC  DC!  Code  55'2  tBrottnl.  Nett  london.  Cl.  Code  'AO  (V.irlct)  Nett  London.  Cl:  Code  44  ( RS 
Mnnni.  Nett  london.  Cl:  Cotie  TAI51  |(i.  De  la  Cru/I.  Nett  l  ondon.  Cl 
Ot  NR  C  ode  1254.  Arlington.  VA 

OCCIC1  SCt  RE  I  ARY  OF  DCCCNSC  OASD.  Lucres  Dir  Washington.  DC 
C  NR  Dl  1  Dir.  Boston.  MA 
I’ACMISRANCAC  I’WO.  Kauai.  HI 

PIUBCB  I.  CO.  San  Diego.  (  A:  I.  PAL.  San  Diego.  CA:  A.  Co.  Norfolk.  VA 
I’M  IV  (  ode  '1(54.  Point  Mugu.  CA 

PWC  ACli  Oflice.  Norfolk.  VA:  Code  Id.  (ireat  Lakes.  IL:  Code  IP.  Oakland.  (  A:  Code  lull.  (iuam.  Mariana 
Islands.  (  ode  101  ll.il'rartl.  Oakland.  CA:  Cotie  I  HI.  Oakland.  CA:  Code  1A.'  (  .  San  Diego.  CA:  Code  .'0. 
Norfolk.  VA:  Code  400.  Oakland.  C.A:  Code  400.  Pearl  llarhor.  Ill:  Code  400.  San  Diego.  CA;  (  ode  4A0. 
Great  l  akes.  IL;  Code  4A0.  Oakland.  CA:  Code  4AA.  San  Diego.  CA:  Code  4A.V  San  Diego.  CA:  Code  4A4. 
Norfolk.  VA;  Code  425  (l.  N  Kata.  PEL  Pearl  llarhor.  Ill:  Code  45, S  (Arestol.  San  Diego.  CA.  Code 
500.  Norfolk.  VA:  (  title  500.  Oakland.  CA:  Code  505A.  Oakland.  C.A:  (‘title  500.  Sail  Diego.  CA.  Code 
hilt.  San  Diego  Ca:  Code  500.  Great  Lakes.  If.;  (‘title  400.  Great  Lakes.  IL:  Code  700.  Great  Lakes.  IL: 
(tide  POO.  Great  Lakes.  IL:  Fae  Plan  Dept  (Code  loll).  Pearl  llarhor.  HI.  Library  (Code  1541,  Pearl 
Harhtir.  HI.  Lihrart.  Guam.  Mariana  Islands:  Lihrart.  Norfolk.  VA:  Lihrart.  Pensacola.  Ft.:  Lihrart. 
Yokosuka  J A :  lech  Lihrart.  Suhic  Bat.  RP:  L  til  Ollr.  Guam.  Mariana  Island 
SPCC  PWO  | Code  0SX).  Meehanieshurg.  PA 

Sl'BASF  Bangor.  PWO  (Code  S5A5)  Bremerton.  WA:  SCL.  Pearl  llarhor.  HI 

SI  PSHIP  lech  Lihrart.  Newport  News.  VA 

HAYNES  A  ASSOC  II.  Haynes.  P  E..  Oakland.  CA 

1(1  ONE  CO.  Norfolk.  VA 

VCT  TWO  CO.  Port  Hueneme.  CA 

l  S  MERCHANT  MARINE  ACADEMY  Reprint  Custodian.  Kings  Point.  NY 

VS  DEPT  OF  INTERIOR  Nat  l  Park  Ssc.  RMR  PC.  Denver.  CO 

VS  GEOLOGICAL  SURVEY  Marine  Geology  Otic  (Pitelckil.  Reston.  VA 

VSAF  SCHOOL  OF  AEROSPACE  MEDICINE  Hyperbaric  Med  Dit.  Brooks  ALB.  IX 

VSCINC  P  NC.  Code  J44.  Camp  11 M  Smith.  HI 

I  SDN  Forest  Serf.  Reg  S.  Atlanta.  GA 

(SNA  Meeh  Engrg  Dept  (Hasson).  Annapolis.  Ml):  Mgr.  Engrg.  Citil  Specs  Br.  Annapolis.  Ml):  PWO. 
Annapolis.  Ml) 

VSS  VSS  FT  LION.  Code  W-5.  Nett  York.  NY 

WAFER  A  POWER  RESOURCES  SERVICE  Smoak.  Dentcr.  CO 

AD\  ANT  ED  TECHNOLOGY  Ops  Cell  Mgr  (Moss).  Camarillo.  CA 

CALIF  DF.P‘1  OF  NAVIGATION  A  OCEAN  DEV  G  Armstrong.  Sacramento.  CA 

CALIF  MARITIME.  ACADEMY  Lihrart.  Vallejo.  CA 

CITY  OF  BERKELEY  PW.  Engr  Dit  (Harrison).  Berkeley.  CA 

CITY  OF  LIVERMORE  Dawkins.  PE.  Livermore.  CA 

CLARKSON  COLL  OF  TECH  CE  Dept  (Batson).  Potsdam.  NY 

COLORADO  SCHOOL  OF  MINES  Dept  of  Engrg  (Chung).  Golden.  CO 

CORNELL  UNIVERSITY  Lihrart.  Ithaea.  NY 

DAMES  A  MOORE  LIBRARY  Los  Angeles.  C  A 

DUKE  VNIV  MEDIC  AL  CENTER  CE  Dept  (Muga).  Durham.  NC 

FLORIDA  ATLANTIC  UNIVERSITY  Ocean  I  ngrg  Dept  (Hunt).  Boca  Raton.  EL;  Ocean  Engrg  Dept 
(McAllister).  Boca  Raton.  FI 

FLORIDA  INS  1 1 1  LIE  OF  TECHNOLOGY  CL  Dept  I  Kalahari).  Melbourne .  EL 

INS  1 1  FI  "EL  OF  MARINE  SCIENCES  Dir.  Morehead  City.  NC:  lihrart.  Port  Aransas,  IX 

WOODS  IIOl.I  OCEANOGRAPHIC  INS  1  Pro)  Engr.  Woods  Hole.  MA 

I  1  HIGH  UNIVERSITY  CE  Dept.  Hydraulics  I  ah.  Bethlehem.  PA.  I  indermaii  l.ihi.  Scr  Cataloguer. 

Bethlehem.  PA.  Marine  Gcotech  I  ah  (A  Richards).  Bethlehem  PA 
IOS  ANCil  IIS  COVNIY  Rd  Dept  (.1  Vicel  |a  1.  Los  Angeles.  (A 
MAIN!  MARITIME  ACADEMY  I  ah.  (  astine.  Ml 

MICHIGAN  II  (  IINOLOGH  Al  VNIVERSTTY  (I  Dept  (Haas).  Houghton.  Ml 

Mil  lucre  I  ah.  Cambridge.  MA.  Lib.  lech  Reports.  Cambridge.  MA 

NAU  RU  I  NTRO)  LAB  lihrart.  Honolulu.  HI 

N |  W  Ml  Xl(  O  SOI  AR  ENERGY  INSI  Dr  ZuibcL  I  as  Cruces.  NM 

N I  W  YORK  N|  W  ILRSF.Y  PORI  Al  III  RAD  I  iter  lYontarl.  Jersey  Cut.  Nl 


S'!  Uh  (OMMlMh  COI  l  I  (.1  I  ibrars  Brooklsn  NX 

OREGON  SI  XII  l  \l\  I  RSIIX  Cl  Dept  (Grace).  C  oisallis.  OR.  (  I  Dept  illicksl.  Corvallis  OR 
OccaiK'graphs  Scot,  t .il 1 1- .  OR 

PFNNSAIVANFX  SI  \ll  UNIVERSIFX  Rsch  1  ah  I  Snsder  I  State  C  ollege.  I*  \ 

I’OR  l  S \N  1)11  CIO  Pro)  l  net.  Port  lac.  S.m  Diego  (  A 

PI  RDl  l  l  NIX  l  RSI  l  X  Cl  Seol  i  X I  ts.  hue!  111  1  atasetlc .  IN,  (1  Seol  1 1  eonards  i  I  .il.iu-llc .  IN.  I  nme  I  ilv 
I  afasetle.  IN 

SAN  1)11  GO  SI  AM  l  NIX  C  l  Dept  (Nostrum  I.  S.m  Duto.  C  X 
Si  Al'IlF  I'NIXTRSII'V  Cl  Dept  I  Seine  uegler  I .  Seattle  XXX 

SOI  IIIXXLSI  RSCH  INSI  J  Hokutissin.  San  Antonio.  I\.  R  DeHart.  San  Xntonio  l\ 

SI  AM  l  NIX  Of  N I  XX  XORK  C  l  Dept  iRemhornt.  Hultulo.  NX  C  l  Dept  Hutl.il.>  NX 
II  NAS  AWI  l  NIX  l  RSI  I  X  C  I  Dept  ( I  eillvtler  t.  Collette  Station.  t\.  C  l  Dept  I  Nied/ssecki  I.  College 
Station.  IN:  Ocean  Engr  Pro|.  Collette  Station.  IN 
l  NIX  I  RSI  I  X  OF  ALASKA  Marine  Sei  Inst,  I  ih.  Fairbanks.  XK 

l  NIX  [  RSI  I X  ( )F  C  Al  IFORNFA  C  I  Dept  (Gerssick).  Betkelee.  C  X  C  I  Dept  lla\l.»it.  Duels.  C  A.  Marine 
Rsrs  Inst  iSpiess).  l  a  Jolla.  C  A 

l  NIX  I  RSI  IX  OF  Dl  I  A  XX  XRI  I  nttrtt  Col  (Dexter)  I  ewe-.  Di 
l  MX  I  RSI  IX  OF  1 1 A  XX  XI!  I  ibrurx  (Set  \  leeh  Dm.  Honolulu  III 

l  N|\  [  RSI  I  X  OF  II  1  INOIS  Xreh  Seol  t  Kim  I.  C  hampaign.  MCI  I  )ept  1 1  lall  I  l  rbunu  IICI  Dept  (XX 

(iambic).  I’rbana.  II  .  I  ibrurx.  I  rbana.  II  .  VI  I  Daii»an  I  rhnnn  II  Xlet/  Rel  Rm  l  rbana.  II 

l  NIX  F  RSI  IX  OF  MXSSACHISI  FIs  XII  Dept  t  Heroneuirni^i  Xuiheret  XIX 

l  NIXFRSIIX  OF  XIIC'HICi  AN  C  I  Dept  tRiehartl.  Xnn  Xrbor  XII 
l  N IX  |  RSI  I  X  OF  Nl.  HR  ASK.  A -l  INC  (  H  N  Polar  lee  C  or  me  ( )ttiee  I  meoln  N I 

l  NIXFRSIIX  OF  MAX  XII  NIC  O  N Nil  Rl  Halki  Xlbui|ueri|ue.  NXI  NXII  HI  ileitrhi  AlhiK|tierqiie.  NX1 

I  NIXFRSIIX  OF  PI  NNSXI  X  XMA  Sehl  ol  I  mtre  .X  Applied  Xu  iRolli  Philadelphia.  PA 

l  NIXFRSIIX  OF  II  NAS  A  l  XI  si  IN  Breen.  Austin  IN  Cl  Dept  ilhompsonl.  Austin.  IN 

l  NIX  l  RSI  I  X  OF  XX  ASHINC  i  I  ON  C  I  Dept  tXIattoekl  Seattle  XX  X 

l  NIX  I  Rsl  FX  C )  f  XXISC'ONSIN  Ciieat  lakes  Studies  C  tr  XliUeuukcc  XXI 

XFNIFRA  lOFNIX  Depute  PXX  Dir  Xeniura  C  X  I'XX  \  iHioumei  Acnturu.  (  X 

XI  FRI  I)  X  VI  I  DIX  I  X  Dale  Honolulu  HI 

WII  RIC  AN  CONC  RI  II  INSlIIMI  I  ihrurv  Detroit  Ml 
XXII  ||  K  OFFSHORI  RSC  II  Santa  Barbara  C  X 
APPl.IFI)  SXSIFMS  R  Smith.  Aitana  (mam 
XRXID  (IRANI  \  ASSOC  Olempia.  XX  X 

XII  AN  IK  RFC  HFII  ID  (  < )  Rf  Smith  Dallas  IN 
BA  FI  I  FI  I  I)  Frink  C  olumhtis.  OH 

BFC'HIf  I  N  \  II  .  INC  XXoolston  San  Franeiseo.  (  A 

BLIHFF.HPM  S  If  I  l  CO  I  nttrtt  Dept  (Disntukei  Bethlehem  Px 

BROXXN  eN  ROOI  XXard  Houston.  IN 

C  ANADA  X  iateur  De  C  hamplain.  I)  S  A  Mat.ine  C  an.itla 

CUFMF.D  C'ORP  Dearborn  C  hem  Do  I  ib.  I  ake  /urieh.  II 

COASTAL  SC  I  sN  I  NCIRCI  C  Jones.  C  olumbia.  SC 

COLUMBIA  GUFF  FRANSMISSION  Id  I  nttrtt  lib.  Houston  IN 

CONS  I  RL  C"l  ION  IFC  II  I  \BS  [NC  XI  I  loralo  Skokie.  II 

CONTINENTAL  OIF  CO  ()  Maxson.  Ponca  C  ue  OK 

DILLINGHAM  PRFC  ASI  ( 1 1 1  )A  C  I  I  Mellale.  Honolulu.  HI 

DRAVO  CORP  XX  rittht .  Pittsbur.it.  PA 

EASTPOR I  IN  IF.  INC  Mur  (  Jll  Osborn).  Ventura  (  A 

ENERCOMP  H  Amistadi.  Brunses iek.  Ml 

EVALUATION  ASSOC  INC  M  X  Fedele.  Kinu  ol  Prussia  P  A 

GENERAL  DX'NAMIC  S  Dept  44J  (l)el.eonel.  Groton.  C  I 

GEOFECIINIC  AF  ENGINEERS  INC  (RF  Murdock)  Principal.  XXmehester.  MX 
GOl'FD  INC  C  hes  Instru  Die.  leeh  lab.  Gen  Burnie.  All) 

HALEY  &  ALDRICH.  INC  IIP  Aldrich.  Jr.  C  amhridtic.  M  X 

Nl'SC  DEI  Fibrarv  (C  ode  4544 1  Ncesport.  Rl 

KATSl'RA  CONSl'I  TING  ENGRS  X  Katsura.  PE.  Xentura.  C  A 

FIN  OFFSHORE  ENGRCi  P  (  hoes.  San  Francisco  (  A 

LINDA  HAFI  LIBRARY  Doc  Dept.  Kansas  Cue  MO 

VI  (  I)  F  Marc k  Oranttevale.  (  A 

MARATHON  OIF  CO  Houston  IX 

MARINE  CONCRETE  STRUCTURES  INC  XX  A  lnur.ih.ini.  Metairie  I  X 

MOBII  R  sN  D  C  ORP  Offshore  l  iiu  Fibr.tr> .  Dallas.  I  N 

MOFFA  I'I  sXt  NIC  HOF  ENGRS  R  Palmer.  Fong  Beach.  (  A 

Mi  l  SI  R  Rl  Fill  EDGE.  CONSUL  LING  ENGRS  Richards  Ness  Xotk  NX 

Nf  XX  /L  AI  AND  N/  C  oncrete  Rsch  Assoc.  I  ibrarv .  Ponrua 

PROF  SACS  INI)!  S I  RIFS.  INC  Dir.  Roofs  (Isons).  Houston.  IN 

PAC  IFIC  MARINE  I  EC  IINOI OGX  tM  Wagner)  Duvall.  W  A 


9 


PETTSBl  RG  TESTING  LAB  M.  Kocak.  Pittsburg,  PA 
RAYMOND  INTL.  INC  Soil  Tech  Dept  tE  Colic).  Pennsauken.  NJ 
SAl'DI  ARABIA  King  Saud  Cniv.  Rseh  Cen.  Riyadh 
SEATECH  CORP  Peroni.  Miami.  FT 
SHELL  OIL  CO  E&P  Civil  Engrg.  Houston.  LX 

SIMPSON.  (SCMPERTZ  &  HECTER.  INC  E  Hill.  CE.  Arlington.  MA 
TEXTRON.  INC  Rseh  Cen  Lib.  Buffalo.  N't 
TIDEWATER  CONSTR  CO  J  Fowler.  Virginia  Beach.  VA 
TILGHMAN  STREET  GAS  PLANT  (Sreas).  Chester.  PA 
TREMCO.  INC  M  Raymond.  Cleveland.  OH 
WESTINGHOCSE  ELECTRIC  CORP  Library.  Pittsburg.  PA 
WISS.  JANNEY.  ELSTNER.  &  ASSOC  DW  Pfeifer.  Northbrook.  IL 

WOODW  ARD-C  I.YDE  CONSl'LT  ANTS  R  C  ross.  Walnut  Creek.  CA:  R  Dominguez.  Houston.  I  X;  W  Reg. 

l  ib.  Walnut  Creek.  CA 
YOLTSEY.  DJ  Architect.  Kansas  C  ity.  KS 
BIT  LOCK.  TE  La  Canada.  CA 
C  HAO.  JC  Houston.  TX 
DOBROW Ol.SKI.  JA  Altadena.  CA 
HAYNES.  B  Austin.  IX 
1  AY  TON.  JA  Redmond.  VVA 
PATT  I.  DC  Silver  Spring.  MD 
PETERSEN.  C'APT  N.W  Pleasanton.  CA 
PRESNELL  ASSOC.  INC  DC.  Presnell.  Jr.  Louisville.  KS 
SETHNESS.  D  Austin.  TX 
NPIEl  VOGEL.  I  Wyncote.  PA 
STEVENS.  TW  Lone  Beach.  MS 


r  -g-m  ~  w  V  w  W  w  ST"  V^r~Vm~U'm 


tnw  -  »  mX  -Ji  *T»TT  "LP  ^  W  -JT  wjt »«  "IV  PJ»  T*  WT  »W  "V  lyry  -ff  -  J  ■ 


PLEASE  HELP  US  PUT  THE  ZIP  IN  YOUR 
MAIL!  ADO  YOUR  FOUR  NEW  ZIP  DIGITS 
TO  YOUR  LABEL  (OR  FACSIMILE), 
STAPLE  INSIDE  THIS  SELF-MAILER,  AND 
RETURN  TO  US. 


m 


-y  ?  r 


/,  -  .  V*. 


* 

1  * » 


.  ‘  .V  A 

V*\."*Vv 


k_ 

rv’.n  r-r» 


INSTRUCTIONS 


The  Naval  Civil  Engineering  Laboratory  has  revised  its  primary  distribution  lists.  The  bottom  of  the  label 
on  the  reverse  side  has  several  numbers  listed.  These  numbers  correspond  to  numbers  assigned  to  the  list  ot 
Subject  Categories.  Numbers  on  the  label  corresponding  to  those  on  the  list  indicate  the  subject  category  and 
tvpe  of  documents  you  are  presently  receiving.  If  you  are  satisfied,  throw  this  card  away  (or  file  it  for  later 
reference). 

If  you  want  to  change  what  you  are  presently  receiving: 

•  Delete  mark  off  number  on  bottom  ot  label 

•  Add  circle  number  on  list. 
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SUBJECT  CATEGORIES 

1  SHORE  FACILITIES 

2  Construction  methods  and  materials  (including  corrosion 

control,  coatings) 

3  Waterfront  structures  (maintenance  deterioration  control) 

4  Utilities  (including  powe*  conditioning) 

5  E uplosives  safety 

6  Aviation  Engineering  Test  Facilities 

7  F ire  prevention  and  control 

8  Antenna  technology 

9  Structural  analysis  and  design  'including  numerical  and 

computer  techniques! 

10  Protective  construction  (including  hardened  shelters. 

shock  and  vibration  studies* 

1  1  Sod  rock  mechanics 

13  BEQ 

14  Airfields  and  pavements 

15  ADVANCED  BASE  AND  AMPHIBIOUS  FACILITIES 

16  Base  facilities  (including  shelters,  power  generation,  water  supplies) 

17  Expedient  roads'airfields'bridges 

18  Amphibious  operations  (including  breakwaters,  wave  forces! 

19  Over  the  Beach  operations  (including  containerization. 

matenei  transfer,  lighterage  and  cranes1 

20  POL  storage,  transfer  and  distribution 


28  ENERGY /POWER  GENERATION 

29  Thermal  conservation  (thermal  engineering  of  buddings,  HVAC 

systems,  energy  loss  measurement,  power  generation) 

30  Controls  and  electrical  conservation  (electrical  systems, 

energy  monitoring  and  contro1  systems) 

31  Fuel  flexibility  (liquid  fuei*.  coal  utilization,  energy 

from  solid  waste) 

32  Alternate  energy  source  (geothermal  powe*.  photovoltaic 

power  systems,  solar  systems,  wind  systems,  energy  storage 
systems) 

33  Site  data  and  systems  integration  (energy  resource  data,  energy 

consumption  data,  integrating  energy  systems) 

54  ENVIRONMENTAL  PROTECTION 

35  Solid  waste  management 

36  Hazardous/toxic  materials  management 

37  Wastewater  management  and  sanitary  engineering 

38  Od  pollution  removal  and  recovery 

39  Air  pollution 

44  OCEAN  ENGINEERING 

45  Seafloor  sods  and  foundations 

46  Seafloor  construction  systems  and  operations  (including 

diver  and  manipulator  tools) 

4  7  Undersea  structures  and  mater  tals 

48  Anchors  and  moorings 

49  Unde* sea  power  systems,  electromechanical  cables. 

and  connectors 

50  Pressure  vessel  facilities 

51  Physical  environment  (including  site  surveying) 

52  Ocean  based  concrete  structures 
^3  Hyperba' 'C  chambers 

54  Undersea  cable  dynamics 
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